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Abstract. The need to manufacture lightweight structures from ultra-high-strength steels is 

forcing industry to look for new joining technologies. Hybrid joints are one of the new ways to 

join materials. This paper investigates joining ultra-high strength steel plates using laser welding 

and adhesive bonding. Steel used in this paper was abrasion resistant steel (AR600) with tensile 

strength (Rm) ≥ 2 GPa. Three different epoxy adhesives were used in the experiments. The weld 

morphologies were investigated using optical microscopy. The mechanical properties of the lap 

joints were evaluated by hardness measurements and tensile shear tests. Examining the profiles 

of the joints, it became clear that the adhesive causes an air gap between the plates, which affects 

the morphology of the joint. The air gap caused by the adhesive increased the width of the weld 

at the interface of the plates. The width of the weld at the interface was approximately 25% larger 

in the adhesive-bonded joint. Based on shear strength tests, the use of adhesive in addition to the 

laser weld significantly improved the shear strength of the lap joint. The shear strength of the 

best laser-welded and adhesive-bonded joint was approximately 84% higher than that of laser-

welded joint. 

1. Introduction 

Due to the reduction of traffic emissions, new ways of joining steels are needed in new vehicle structures. 

New assembly technologies have received a lot of interest lately and have grown in popularity at the 

expense of more traditional welding methods. The strength of the joints must be as good as possible so 

that the properties of the ultra-high-strength steels can be utilized in different structures. 

 

Laser welding and adhesive bonding are widely used in joints of various vehicle structures [1,2]. Laser 

welding and adhesive bonding are often considered to be competing joining methods. However, there 

are structures where laser welding and adhesive bonding can be utilized together. Laser welding is 

excellent method for joining sheet metal products [3]. The advantage of laser welding is a very low heat 

input which is why the heat-affected-zone (HAZ) of the laser weld is very narrow [4-6]. Due to the low 

heat input, laser welding is also suitable for use with adhesive joints, as the mechanical properties of the 

adhesive joint do not change under the influence of heat. 

Wang et al. investigated influence of adhesives in laser weld bonded joints [7]. Their observation was 

that adhesive improved the mechanical properties of the laser welded joint. Wang el al. studied laser-

arc-adhesive hybrid welding [8]. They found that Mg/Al dissimilar metals were successfully joined by 

laser-arc-adhesive welding technology. 

 



The International Conference on Materials Research and Innovation (ICMARI 2021)
IOP Conf. Series: Materials Science and Engineering 1234  (2022) 012032

IOP Publishing
doi:10.1088/1757-899X/1234/1/012032

2

 
 
 
 
 
 

At the present time, there are very few papers with results reported on the mechanical properties of the 

laser-welded and adhesive-bonded joints. The objective of the paper was to study mechanical properties 

of laser-welded and adhesive-bonded lap joints and to determine which of the studied adhesives achieves 

the highest shear strength combined with a laser weld. The morphologies of the joints were investigated 

by optical microscopy. The microhardness and shear strengths of the lap joints were investigated. 

2. Experimental methods 

2.1. Test material and adhesives used in experiments 

The test material used in experiments was ultra-high-strength martensitic abrasion resistant steel 

(AR600). The thickness of the AR600 was 3 mm. The measured mechanical properties of the AR600 

are shown in table 1. Three different structural bonding epoxy adhesives were used in the experiments. 

All adhesives were two-component adhesives. Adhesives were Loctite 9466 (Adhesive 1), SikaPower 

4720 (Adhesive 2) and SikaPower 1277 (Adhesive 3).  

 

Table 1. The measured mechanical properties of AR600. 

 

Material Yield strength 

(MPa) 

Tensile strength     

(MPa) 

Elongation 

(%) 

Hardness 

(HV0.2) 

AR600 1774 2164 6.4 646 

2.2. Experimental setup 

The test specimens were manufactured by using laser cutting and the dimensions of the single specimen 

were 200 mm × 60 mm × 3 mm. Dimensions of the laser welded specimen are shown in Figure 1. An 

overlap size of the sheets was 100 × 60 mm. There was 20 mm gap between lap joint and adhesive so 

that the properties of the adhesive were not affected by the laser weld. Adhesive-bonded area was 3600 

mm². The plates were adhesive-bonded first, and laser welded after. 

 

 
 

Figure 1. Dimensions of the test specimen. 

 

Trumpf HLD-4002 continuous mode Yb:YAG disc-laser with a laser wavelength of 1030 nm was used 

in laser welding experiments. Fixed power 4 kW and welding speed 1.5 m/min was used. The energy 

input of the weld was 160 J/mm. Focus was adjusted 1 mm below of the plate surface. Laser beam 

diameter was 0.3 mm on the surface of the plate. Welding optics focal length was 300 mm. 

 

2.3. Mechanical characterization 

The tensile shear strength of the laser-welded lap joints was evaluated according to the standard ASTM 

E8/8M by carrying out tensile tests at a constant loading rate of 1.0 mm/min using Instron 8802 universal 

material testing machine. Tensile shear strength tests were made in the direction perpendicular to the 

lap joint. Five tensile shear strength tests were performed for each lap joint and the average result was 

reported. The Vickers hardness of the joint was measured in the weld cross-section using 0.2 kg load. 

The hardness was measured every 0.1 mm distance. 
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3. Results and discussion 
3.1. Weld morphology 

The morphologies of the joints are shown in Figure 2. As shown in Figure 2a and b, the morphology of 

the joint is affected by the air gap caused by the adhesive. The adhesive created an air gap of 

approximately 0.3 mm between the plates. The width of the weld at the interface of the plates was 1.12 

mm when there was no adhesive between the plates. The width of the weld at the interface of the plates 

increased when there was adhesive between the plates and as can be seen in Figure 2b, the width of the 

joint was 1.39 mm. The air gap also had an effect on the width of the weld face as well as the penetration 

of the weld. 

 

   
 

Figure 2. Morphology of laser-welded lap joints with energy input of 160 J/mm (a) 0 mm air gap  

(b) 0.3 mm air gap. 

3.2. Microhardness of the laser weld 

The microhardness profile of the lap joint can be seen in Figure 3a. The hardness of the AR600 base 

material was 646 HV. With energy input used in experiments the hardness of the weld metal was 

approximately 598 HV. There was softened zone in the HAZ of the joint. Minimum hardness of the 

HAZ was 371 HV. Width of the HAZ was approximately 9.2 mm. It can be concluded from the width 

of the HAZ that the thermal effect of the laser weld did not extend to the adhesive-bonded area. 
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Figure 3. (a) Microhardness of laser-welded lap joint, (b) Shear strengths of laser-welded lap joints, 

(c) Shear strengths of adhesive-bonded lap joints, (d) Shear strengths of laser-welded and adhesive-

bonded lap joints. 

3.3. Shear strength of the lap joints 

It was investigated how the air gap caused by the adhesive affected the shear strength of the laser-welded 

lap joint. As seen in Figure 3b. the shear strength of the lap joint increased 28% as the air gap increased 

from 0 to 0.3 mm. The increase in the strength of the lap joint is due to the increase in the width of the 

weld at the interface of the plates caused by the air gap. 

 

Shear strengths of the adhesive-bonded joints were tested under tensile shear mode. The peak load and 

corresponding displacement are shown in Figure 3c. The shear strengths of the adhesive-bonded joints 

were 393, 459, and 540 MPa for Adhesive 2, Adhesive 3 and Adhesive 1, respectively. 

 

The shear strengths of the laser-welded and adhesive-bonded (LW-AB) joints are shown in Figure 3d. 

The shear strength of all LW-AB joints was significantly higher than that of the laser-welded joint. the 

highest joint strength was achieved with laser-weld and adhesive 3 with a shear strength of 674 MPa.  

Adhesive 1 achieved the highest shear strength in pure adhesive-bonded joints but was not the best 

adhesive in LW-AB joints. This was because the other half of the adhesive-bonding fractured before the 

final fracture of the joint occurred as seen from Figure 3d. This is due to the brittleness of the Adhesive 1. 

It was observed that the shear strength of the LW-AB joint was significantly higher compared to laser-

welded lap joint. The strength of the LW-AB joint was 84% higher with Adhesive 3 than that of laser-

welded joint with an air gap of 0 mm. 

4. Conclusions 

Laser-welded and adhesive-bonded lap joints of ultra-high-strength abrasion resistant steel (AR600) 

were investigated. Weld morphologies, microhardness and tensile shear strength of the lap joints were 

evaluated. The following conclusions can be drawn: 

 

• The adhesive created an air gap of approximately 0.3 mm between the plates. The air gap caused 

by the adhesive increased the width of the weld at the interface of the plates. The width of the 

weld at the interface was approximately 25% larger in the adhesive-bonded joint. The shear 

strength of the lap joint increased 28% as the air gap increased from 0 to 0.3 mm. 

• The hardness of the weld metal was approximately 598 HV. There was clear softened zone in 

the HAZ of the joint. Minimum hardness of the HAZ was 371 HV. 

• The shear strength of the laser-welded and adhesive-bonded joints was significantly higher 

compared to laser-welded lap joint. The shear strength of the best laser-welded and adhesive-

bonded joint was approximately 84% higher than that of laser-welded joint. 
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