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ABSTRACT 

In the present study a pulsed Nd:YAG laser with a maximum average power of 400 W and a 250 

amperes electrical arc were used as two combined heat sources in hybrid laser arc welding 

(HLAW). Effect of distance between heat sources, was investigated and the optimum distance 

selected. Laser beam welding (LBW) and tungsten inert gas (TIG) welding parameters were 

considered constant. The microstructure, microhardness and weld bead profile of stainless steel 

1.4418 welded were investigated using HLAW, LBW and TIG in the same setting. The influence 

of heat input on weld pool geometry was surveyed. The results showed that penetration of 

HLAW doubles that of TIG and were five times that of LBW. Also the grain size in the heat 

affect zone in TIG was obviously coarse. In the fusion zone, the coaxial grains exist, which the 

size was the smallest in LBW and was the largest by TIG.  

Keywords: laser-TIG hybrid welding; TIG welding; laser beam welding; microstructure; heat 

input; Weld pool geometry 
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1 INTRODUCTION 

Laser-arc hybrid welding, which accompanies laser welding and arc welding techniques, was 

firstly developed for combined laser-TIG welding [1, 2]. Both laser welding and arc welding 

processes create plasma, thus lead to an extremely complex physical situation. When two 

methods are coupled, the number of process parameters is relatively large and consequently, 

optimization is difficult to attain the desired weld [3, 4]. 

An overall review and a complete bibliography of laser hybrid welding processes were 

investigated by Bagger and Olsen [5]. Steady condition of laser-Mig hybrid welding of stainless 

steel 304 with thickness of 8 mm was investigated by process parameters effect analysis. 

Achieving proper distance of heat sources was the purpose of Campana et al. [6] study. Sujit 

Ghosal et al ]4[ evaluated and optimized CO2 laser-MIG hybrid welding penetration by using the 

neural network hybrid model. Ming go et al [7] investigated effects of shielding gas parameters 

on weld penetration and laser-TIG hybrid welding stability of stainless steel 316. Mechanical and 

metallurgical welding characteristics of stainless steel 304 by laser, TIG welding and laser-TIG 

hybrid welding were investigated and presented in references 8 and 9. Comparison of weldability 

and microstructure of laser-TIG hybrid welding, laser lone welding and TIG welding of AZ31B 

alloy were conducted by Liming Lieu et al [10]. Results show that hybrid welding penetration is 

doubled that of TIG welding and was four times that of LBW. Optimization of 5005 aluminum 

CO2 laser-MIG welding was investigated by Sujit Ghosal and Sudipto Chaki [11]. Mirakhorli et. 

al [12, 13] studied the effect of laser-arc hybrid welding parameters of 10-mm-thick cast 

martensitic stainless steel CA6NM on mechanical and metallurgical properties. Because of large 

number of parameters in hybrid laser-arc welding process, numerical modeling helpfully is 



3 

 

applied to predict weld features, the geometry of the weld pool which considerably influences 

the strength of the weld [14-17], for wide ranges of welding parameters and their combinations. 

The application of lasers in industry is increasing recently. Laser welding [18-21], laser drilling 

[22-23], laser cutting [24] and laser brazing [25, 26] processes are extremely investigated by 

researchers.  

In the present study, the influence of two heat sources distance in laser-TIG hybrid welding is 

investigated. LBW and TIG welding in the constant setting was conducted to compare with 

HLAW. Weld penetration, weld bead profile, micro hardness and microstructure of weld were 

analyzed in three welding procedures. The effect of heat input on weld pool profile is 

investigated. Results show that hybrid welding penetration is doubled that of TIG and was five 

times that of LBW.  

2 EXPERIMENTAL WORKS 

Stainless steel 1.4418 sheets (AISI S165M) with thickness of 4 mm were used as the material 

work piece in this study. Chemical composition of the material is presented in Table 1, which has 

been calculated by average of three X-ray fluorescence (XRF) measurements (PW1480; Philips).  

Wire cut EDM (Robofil 4000; Char mills) was used to prepare the specimens in thickness of 

4mm. The recast layer produced by the wire-EDM process on the sample surface was removed 

by surface grinding. For laser source, a pulsed Nd: YAG laser (IQL-10; Iranian National Centre 

for Laser Science and Technology) with a maximum average laser power of 400W is used in this 

study. 1–1000 Hz, 0.2–20 ms, and 0–40 J are the available ranges for the pulse frequency, pulse 

duration and pulse energy, respectively. While the average laser power could not be more than 
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400W, it is obvious that not any arbitrary combination of pulse frequency and pulse energy could 

be used [3, 18]. A 250 amperes electrical arc was used as a TIG heat source (PDI 250 DC; Gaam 

Electric). All weldings were conducted using the power source in an AC-electrode positive, 

while arc initiation was trigged by a high-frequent signal. 

Figure 1 illustrates the principle of laser-TIG hybrid welding. As shown the welding direction is 

TIG arc leading. The tungsten electrode with the diameter of 1.2 mm was used. Constant process 

parameters, which are the result of author's previous study [3], are presented in Table 2. 

During conducting the experiments, as a shielding gas flowing from a coaxial nozzle of the laser 

with 5-10 L/min flow rates, pure argon was employed. To support the safety of optical elements, 

coaxial shielding used in an industrial environment operational. Each welded specimen was 

sectioned from the middle of the weld line with respect to the welding direction. The cut 

specimens were mounted in a phenolic thermosetting resin, conventionally grounded, polished 

and etched in the Vilella’s regent (bicholoric acid 1gr, Hcl 5cc, metyl alcohol 95%), and finally 

were studied by an optical microscopy. 

Micro hardness test (HM-210/220; Mitutoyo) was performed on the specimen in the seam weld 

in accordance with ASTM E384 under the loud of 500g and in the pictures with magnitude 0f 

100X. Microhardness tests were repeated at least three times for each sample, and the average 

results are presented in Table 3. Figure 2 illustrates the designed fixture and experimental setup 

used in the present study. This fixture can vary the DLA (see Figure 1), while angel and distance 

of TIG torch from horizontal were fixed 35 degrees and 2 mm, respectively [3].  
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3 RESULTS, DISCUSSION AND ANALYSIS 

3.1 Relative distance of laser action point to electrode (DLA) 

Relative distance of laser action point to the electrode (DLA) is one of the most important variable 

parameters for controlling the hybrid welding process. The laser-Arc distance, DLA, is determine 

as the distance between the spot point of the laser and the electrode [27], or between laser spot 

and discharging point of the arc on the work piece [28]. In the present study as shown in Figure 

1, distance between the spot point of the laser and electrode was considered as DLA. The best 

results due to interaction effect of both processes are achieved when the plasmas of lone 

processes are combined. So this distance, DLA, should be within certain limits [29]. If DLA is too 

large, two processes act individually and do not influence on each other. In this condition, the 

laser influences on the solidified weld created by electric arc, so the laser absorption in material 

reduced, comparison with when the laser influenced on the molten weld. Therefore, by 

increasing the DLA, the penetration reduced in the work piece. Thus, the arc should not disturb 

laser to create the keyhole. 

Experimental results are presented in Table 3. It is seen that the fully penetration occurs in the 

samples number 1, 2, 5 and 6. Reason of this phenomenon could be justified; if there is no 

distance between laser and arc, DLA= 0, full penetration happens. If DLA increases from zero to 

2mm, penetration decreases and welds width increases. The reason is that the angle and distance 

of the torch of the TIG welding from horizontal are 35 degrees and 2mm, respectively. Thus the 

horizontal distance between arc discharging point and electrode, DER, as shown in Figure 3 is 

2/tg35= 2.85 mm. Therefore, in this range laser beam interacts with shielding gas and created 

plasma by arc, which causes damping the laser beam energy. Accordingly, less energy transfers 
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to the material from the laser beam. In fact, the arc disturbs laser to create the keyhole in the 

molten material, results less penetration.  

By increasing DLA more than DER the penetration increases again. The reason is that in this 

condition laser beam effects on the material fusion zone and causes more laser beam absorption 

in the material. It is obvious that as DLA increases more than this range, laser beam influences on 

solidified weld metal of TIG, hence laser absorption and penetration decreases.  

3.2 Comparisons of TIG welding, laser welding and Laser-TIG hybrid welding 

Figure 4 illustrates the macrosection of the weld beads by the three welding methods; laser, TIG 

and laser-TIG hybrid welding. Weld bead in TIG welding is the widest, when the narrowest is 

LBW’s. Thus, the gap-bridging ability of the laser beam welding process is very low. The 

macrosection of laser-TIG hybrid welding is formed a “nail” type weld, which width of weld is 

nearly equal to that by TIG on the top, and equal to that by LBW at the bottom.  

Linear energy is used as a common method for a comparison welding processes. Heat input 

defines the geometry of the joint and can be measured by an adjustment of the welding 

parameters. Heat input for the laser welding, TIG welding and HLAW, are calculated according 

to the following Equations [30]: 

𝑄𝑙𝑎𝑠𝑒𝑟 = 𝑃𝐿 𝑆⁄                                                                                                                          (1) 

𝑄𝑎𝑟𝑐 = (𝑉. 𝐼) 𝑆⁄                                                                                                                        (2) 

𝑄𝑇 = 𝑄𝑎𝑟𝑐 + 𝑄𝑙𝑎𝑠𝑒𝑟 = (𝑉. 𝐼) 𝑆⁄ + 𝑃𝐿 𝑆⁄                                                                                   (3) 
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where Qlaser is the heat input of laser welding (J/mm), Qarc is the heat input of TIG welding 

(J/mm) and QT is the heat input of HLAW (J/mm), PL is the output power of the laser (W), 

and S is the travel speed (mm/s), V is the arc voltage (V), and I is the arc current (A). 

According to Table 2 which presents the process parameters, laser mean power used in these 

experiments was 200 W, welding speed was 2 mm/s, current and voltage of the arc were 100 A 

and 20 V respectively. Therefore, by using equations 1 to 3, Qlaser = 100 J/mm, Qarc = 1000 J/mm 

and QT = 1100 J/mm.  

The depth of the penetration is primarily dependent on heat input. As shown in Figure 4 the weld 

penetration in LBW is less than other methods. Penetration depth of HLAW doubles that of TIG 

welding and is five times that of LBW, which could be explained there exists a synergistic effect 

between laser beam and TIG arc in HLAW processes. When a TIG arc is operated 

simultaneously with a laser beam in LHAW process, a heat condition is established in which, it 

is theorized, laser absorption is improved and the laser beam reflection on the surface of the 

material decreases. Laser absorption of the laser energy into the base material is enhanced in this 

heated region [29]. Laser process efficiency increases as sheet surface temperature increases, 

higher efficiency obtains in the liquid state [31]. The thermo-physical material properties are 

temperature dependent. The conductivity of material (specific heat and conductivity) is increases 

by increasing the temperature which is effect on the laser beam energy absorption. It could be 

also explained by Laser Energy Absorption Mechanisms. The molten material will support much 

higher atomic mobilities and solubilities than in the solid phase, resulting in rapid material 

homogenization [29]. In hybrid welding, because the TIG arc heats the sheet surface into the 

liquid state in front of laser impingement point, laser process efficiency is obviously improved. 
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This indicates that the arc heats only the base metal surface and laser beam energy determines 

the penetration during the HLAW welding process. 

3.3 Welding stability 

Figure 5 shows the weld surfaces welded by LBW, TIG and HLAW. In the HLAW process, the 

arc stability is more evident compared with using lone TIG, mainly at high speed. This stability 

is characterized by a linear bead with the uniform through the entire weld length like the lone 

laser welding. The stability of laser beam welding process is not related to speed due to laser 

beam characteristics. The laser beam welding is related to the formation of Key-hole due to laser 

induced plasma. This plasma reduces the ignition resistance of the arc. Therefore, the arc itself 

shows greater stability. Further it is known that the synergistic process leads to an increase of the 

hybrid welding efficiency [32]. When using lone TIG welding, the arc performed stable at the 

low speed, which produced sufficiently gas of alloy metal. The gas, with low ionization energy, 

is easier to be ionized by arc to conduct favored arc route. While the arc had a tendency to 

wander, intermittently and markedly excursion at high speed, which results from that the gas of 

metal was produced insufficiently.  

3.4 Microstructure of welding joints 

Figure 6 shows the fusion zone microstructure of the three welding techniques and it illustrates 

that the microstructure of laser zone, arc zone and hybrid zone had clear differences within 

fusion zone. As it is seen in Figure 6, the grain size in TIG welding in the fusion zone is the 

smallest, in laser welding is evidently course and homogeny and in laser-TIG hybrid welding is 

intermediate and perpendicular grain, and that is because of laser beam heat input in the process. 

The microhardness is the reverse proportion to the grain size. Therefor according to Table 3, the 
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number of microhardness of the HLAW welding is greater than the one of the TIG and greater 

than LBW.  

Figure 7 a, b and c depicts the microstructure of the heat affected zone (HAZ) of laser zone, arc 

zone and hybrid welding, respectively. The TIG microstructure in HAZ is spherical while in 

laser welding is needle and columnar because of lower heat input and faster cooling rate. By 

comparing laser zone and arc zone, it could be detected that HAZ of arc zone is wider [33]. HAZ 

microstructure of HLAW is more homogeny and uniform than lone laser and lone TIG welding.  

 

4 CONCLUSIONS 

The following conclusions can be drawn from experimental results and discussion: 

1. Because of heat input and appropriate interaction between laser and arc, penetration of 

HLAW doubles that of TIG and was five times that of LBW.  

2. The shape of HLAW weld shows the more synergetic influence between arc and laser, 

and is the typical hybrid weld shape which can illustrate the advantages of laser–arc 

hybrid welding.  

3. If relative distance of laser action point to electrode DLA is too large, two processes act 

individually and do not influence on each other. Laser beam should not interact with 

shielding gas and created plasma by the arc, which causes damping of the laser beam 

energy.  

4. In the HLAW process, the arc stability is more evident compared with using TIG alone. 
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5. The evident difference between arc zone, laser zone and laser–arc hybrid welded zone 

was observed in this study. The grain size in TIG welding in the fusion zone is the 

smallest, in laser welding is course and homogeny and in HLAW is intermediate and 

perpendicular grain. microhardness of the HLAW welding is greater than that for the TIG 

and LBW. 
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FIGURE 1 

 Principle of laser-TIG hybrid welding   
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FIGURE 2 

Photographic image of the designed fixture 
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FIGURE 3 

Schematic of the horizontal distance of the laser and TIG torch in the process 
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FIGURE 4 

Macrosection of similar welding parameters in three welding methods; a) TIG welding b) LBW 

c) HLAW 
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FIGURE 5 

Comparison weld surface for three welding methods; a) LBW b) TIG c) HLAW 
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FIGURE 6 

 Microstructure of the fusion welded zone: a) LBW b) TIG and c) HLAW 
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FIGURE 7 

Microstructure of the heat affected zone HAZ: a) LBW b) TIG and c) HLAW 
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TABLE 1 

 Chemical composition of Stainless steel 1.4418 (wt %) 

Fe Cr Ni Mo Mn Cu Si W Al V C Co P S 

Bal 15.91 4.89 0.86 0.72 0.22 0.21 0.15 0.10 0.11 0.037 0.035 0.023 0.005 
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TABLE 2 

 Constant parameters of the study 

focal position of laser beam +2mm 

Pulse duration 6ms 

Frequency 12 Hz 

Welding Speed 2 mm/s 

Pulse Energy 16.6 j 

Laser mean Power  200 Watt 

Current of TIG welding 100 A 

Voltage of ARC  20 V 

Gas (Argon) flow rate of TIG 15 l/min 
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TABLE 3 

Results of experiments 

Test 

No. 
Welding Type 

 LAD

(mm) 

Penetration 

(µm) 

Penetration 

(%) 

width of 

weld (µm) 

Hardness 

(HRC) 

1 Arc leading LAHW 0 4000 %100 5811 39.7 

2 Arc leading LAHW 0.7 4000 %100 5623 40 

3 Arc leading LAHW 1.2 3261 %82 6958 39.6 

4 Arc leading LAHW 2 2659 %66 6441 40 

5 Arc leading LAHW 3 4000 %100 5219 39.8 

6 Arc leading LAHW 4 4000 %100 5792 40.1 

7 Lone Laser -------- 789.1 %20 856.4 38.2 

8 Lone TIG -------- 3242 %81 6041 39.7 
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