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1. Introduction

As a non-ferrous metal, aluminum and copper, 

which have excellent electrical conductivity and 

thermal conductivity, are frequently used as electric 

vehicles and industrial electrical machinery materials. 

In the case of aluminum, the specific gravity is only 

1/3 of that of iron, so it is often used to lighten 

vehicles. Copper has a heavy weight, but due to its 

excellent electrical conductivity, it is frequently used 

as a vehicle battery and an industrial relay device. If 

these advantages of aluminum and copper are used, it 

is expected that their utilization will be very high as 

electric vehicle batteries or industrial electronic 

products. However, excellent electrical and thermal 

properties make the welding process difficult. In 

particular, it is difficult to control the heat source 
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ABSTRACT

A computer simulation was performed to study the effectiveness of temperature on the type of laser heat 

source in the context of the heterogeneous welding of aluminum and copper materials. Three different types of 

heat sources were used in the computer simulation: 1) Single Beam Straight Scan, 2) Single Beam Wobble Scan, 

and 3) Dual Beam Straight Scan. Among these sources, dual beam straight scan was found to be the most 

effective from the viewpoint of heat source control. Because the difference between the melting temperatures of 

copper and aluminum is approximately 400°C, a clear separation of heating temperature was required, and the 

dual beam straight scan provided superior controllability in this regard. When using the dual beam, the 

temperature of the 90:10 split was considerably easier to control than that of the 50:50 split. The optimal offset 

was calculated to be 4 mm off to the copper side, where the melting temperature and thermal conductivity were 

higher. In this manner, computer simulation was effectively used for determining the optimal laser beam hear 

source control without performing an actual laser welding experiment. 
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during the welding process due to the large melting 

point difference between the two materials[1-5]. For 

this reason, in most cases, the two materials are 

combined through mechanical joining process.

With the rapid development of laser technology, it 

provides solutions to various fields that have been 

considered as challenges. In particular, in the case of 

welding of dissimilar materials, a relatively high 

quality welding result can be obtained by using the 

laser's high peak power, rapid heating time, and 

precise control characteristics[4-5].

In spite of these technological advances, there are 

cases of cracks and internal pores in the weld due to 

the rapid heating and cooling characteristics of the 

laser beam, and weld brittleness due to deformation 

and residual stress of the weld occurs. In order to 

solve this problem, many studies have been conducted 

to optimize the heat input shape by transforming the 

laser beam into various shapes[5,9].

In this paper, we will introduce the computer 

simulation results for the optimal laser heat source 

design for welding aluminum and copper. 

2. Computer Simulation Experiment

Finite Element Method(FEM) was used for this 

study, and analysis was performed using COMSOL 

Multiphysics(Ver. 5.2), a commercial finite element 

analysis software.

As shown in Fig. 1, modeling assumes an 

aluminum and copper plate with a width of 10mm, a 

length of 50mm and a thickness of 1mm. The two 

materials were combined in a butt joint form. The 

heat source was assumed to be the 3D Gaussian form 

as Equation (1)[6-8]. 
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where, Q0 is the peak power of the heat source, x, 

y, z are spatial coordinates, Rc is the surface 

reflectivity, σx, σy are the beam radii in the x and y 

directions, and Ac is the thickness of the surface 

absorption layer. 

The heat source is assumed to be a standard 

normal distribution (Gaussian) type heat source, the 

beam shape is a shape factor (Shape Factor) of 2, 

and the laser power is set to 1 kW. As a boundary 

condition, the laser is irradiated from the top, and 

natural convection conditions are set on the entire 

surface including the top, and the governing equation 

of heat transfer inside the material is expressed as 

Equation (2). 




  ∙ ∇  ∇ ∙ ∇   (2)

where : density, Cp: specific heat, T: temperature, ρ

u: velocity vector, and Q: thermal flux. 

In addition, in order to monitor the welding, the 

temperature was measured at a point 2mm away from 

the center in the longitudinal direction. The welding 

heat source was applied to 1) Single Beam Straight 

Scan, 2) Single Beam Wobble Scan, and 3) Dual 

Beam Straight Scan, and computer simulation was 

performed (Fig. 2). In all three cases, the total power 

was set to 1 kW, and in the case of Dual Beam, the 

total power was split into two laser beams.

Fig. 1 Model of computer simulation
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Fig. 2 Heat Source for computer simulation (a) 

Straight scan (b) Wobble scan (c) Dual 

beam Scan

Based on previous studies, in the case of the Sing 

Beam Straight Scan, the welding speed was set to 

10mm/s and the scan position was varied. In the case 

of Wobble Scan, the Wobble radius was set to 2 

mm, and the rotation angular velocity period was set 

to 10Hz. Finally, in the case of Dual Scan, the 

distance between the two laser beams was varied 

from 1.5mm to 2mm, and the beam split ratio was 

varied from 50:50 to 90:10. 

The tendency of thermal diffusion for each of 

these cases is shown in Fig. 3. As shown in the 

figure, it can be seen that heat is uniformly 

propagated to copper and aluminum when welding at 

a power of 1kw with a straight scan and a scan 

speed of 10mm/s. However, compared to the thermal 

conductivity of aluminum (205W/mK), the thermal 

conductivity of copper (385W/mK) is about 187%, so 

it can be seen that more thermal diffusion is made 

toward copper. 

In the case of Wobble Scan, a specific trend of 

temperature distribution was not observed because the 

laser beam reciprocates right and left with respect to 

the junction. In the case of Dual Scan, detailed 

analysis according to the offset amount is necessary 

because the tendency of the thermal diffusion 

distribution varies greatly depending on the offset 

amount.

(a) Straight scan, P = 1kW, v = 10mm/s

(b) Wobble scan, P = 1kW, = 10Hzω

(c) Dual scan, 1.5mm split

Fig. 3 Heat transfer patterns in welding

3. Results and Discussion

For the purpose of quantitative analysis, the 

temperature was measured at the locations of the left 

and right 2mm off from the junction. In Fig. 4, the 

temperature distribution during linear transfer under 

the same conditions was compared at the joint 

position (0mm offset) and the position of 5mm offset 

toward the copper material.
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(a) 0mm offset

(b) 5mm offset

Fig. 4 Temperature distribution in straight scan

The 1kW laser was moved at a speed of 10mm/s 

and the results are following. In the case of 0mm 

offset, the temperature distribution of the two 

materials was almost similar despite the difference in 

thermal conductivity. On the other hand, when the 

laser beam was linearly moved with a 5mm off 

toward the copper material, a difference of about 

260C occurred based on the time point(3 seconds) 

where the laser beam is passing through the central 

point. However, this difference does not reach the 

difference between the melting temperature of copper 

(1100C) and the melting temperature of aluminum 

(660C). Various offsets were tried, but the 

temperature change was around 300C which is not 

sufficient to differentiate the melting temperature.

(a) Wobble Scan- 10Hz

(b) Dual Beam Scan 2mm offset

Fig. 5 Temperature distribution in wobble and dual 

beam scan

As another laser beam modulation scheme, Wobble 

Scan and Dual Beam Scan were simulated (Fig. 5). 

As shown in Fig. 5(a), in the case of Wobble Scan, 

the temperature difference between copper and 

aluminum can be markedly different, but it can be 

seen that the temperature gradient changes 

significantly as the heat source moves due to the 

wobble. 

As analyzed in previous studies, it is possible to 

reduce some of this temperature gradient by changing 

the cycle of Wobble, but it is unlikely to expect a 

great advantage in the complexity and economics of 

actual equipment.

Fig. 5(b) shows the case of dual scan by dividing 
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the laser beam into two. The example in Fig. 5(b) 

shows an example of dividing the laser beam by 

90:10 with offset of laser beam by 2mm. As shown 

in the result, the temperature on the copper side is 

1184C and the temperature on the aluminum side is 

805C based on the time point (3 sec) passing through 

the central point, ausing a difference of 379C.

Even though both Straight laser beam scan and 

Wobble Scan are effective for the dissimilar material 

joining, the effectiveness of heat distribution is 

limited due to single laser beam control. Since the 

difference of melting temperature of both materials is 

400C, the heating temperature should be clearly split 

as much as 400C for the ideal welding condition. 

It leads the conclusion that independent heat 

control is necessary for the dissimilar welding 

process. Based on the preliminary simulation test, the 

dual beam scan was found to be the most effective. 

Therefore, various types of Dual Beam Scan were 

simulated in this paper. 

The example in 6(a) shows a case where the laser 

beam with a total output of 1kW is divided by 50:50 

and the position of the beam is set to 0.5mm and 

2.0mm with 1.5mm offset, respectively. As shown in 

the figure, the temperature on the copper side was 

1515C and the temperature on the aluminum side was 

calculated to be 1016C, resulting in a difference of 

500C. Although the temperature on the copper side 

increased, the temperature on the aluminum side far 

exceeded the melting point temperature (660C).

Fig. 6(b) shows a case where the distance of the 

beam is offset by 1.5mm by setting the beam 

position to 2.0mm and 0.5mm, respectively, under the 

same conditions as in Fig. 6(a). At this time, the 

temperature of the copper side was 1356C and the 

temperature of the aluminum side was 1086C, and a 

difference of 270C occurred. The temperature of 

copper and aluminum dropped slightly, and the 

overall temperature difference was observed to 

decrease.

Fig. 6(c) shows an example where the spacing is

(a) beam location 1.5mm / 0mm

(b) beam location 2.0mm / 0.5mm

(c) beam location 3.0mm / 1.0mm

(d) beam location 4.0mm / 2.0mm

Fig. 6 Temperature distribution in dual beam scan 

(various offsets)
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Fig. 7 Analysis of temperature distribution with 

respect to the offset

2.0mm offset by setting the beam positions to 3.0mm 

and 1.0mm, respectively. The temperature on the 

copper side was 1356C, and the temperature on the 

aluminum side was 948C, resulting in a difference of 

408C. In this case, the temperature gap widened as 

the aluminum temperature decreased.

Finally, Fig. 6(d) shows the simulation result by 

adjusting not only the offset amount but also the 

output ratio. As shown in figure, the beam position 

and offset amount are 4.0mm/2.0mm and 2mm, and 

the simulation results are obtained by dividing the 

output into 900Watt and 100Watt. The result showed 

that the temperature of the copper side was 1184C 

and the temperature of the aluminum side was 805C, 

and a difference of 379C occurred. In this case, the 

temperature gap widened as the aluminum temperature 

decreased.

In order to evaluate the heat effect with respect to 

the offset amount, the temperature distribution was 

measured while varying the offset amount from 2mm 

to 4mm from the joining boundary. At this time, the 

laser beam was irradiated with 900Watt on the copper 

part and 100W on the top of the interface. Fig. 7 

shows the temperature distribution calculated at the 

location of the copper material 2mm from the joining 

boundary. 

When the laser of 100Watt was irradiated on the 

boundary and the 900Watt laser was irradiated to 

2mm offset, the maximum temperature was calculated 

as 1700C. However, when the heat source was moved 

to the 4mm offset part, it was confirmed that it was 

lowered to about 1100C.

4. Conclusion

 In this paper, we introduced the results of 

computer simulations to find out the effect of 

temperature on the type of laser heat source in 

heterogeneous welding of aluminum and copper 

materials. The types of heat sources were computer 

simulations that were classified into 1) Single Beam 

Straight Scan, 2) Single Beam Wobble Scan, and 3) 

Dual Beam Straight Scan. 

In conclusion, the dual beam straight scan was 

found to be the most effective for heat source 

dispersion than the straight scan beam or single beam 

wobble scan beam. In the case of copper and 

aluminum, a melting temperature of about 400C 

occurs, and dual beam straight scan showed excellent 

heat source control. When using the dual beam, the 

temperature of the 90:10 split was much easier to 

control than the 50:50 split. From the result of the 

offset test, optimal conditions were found at the 4mm 

offset.

Although the mechanical or optical device is more 

complicated than the straight scan beam or the 

wobble scan type beam and the initial device cost 

increases, the heat input and offset control can be 

more flexibly performed. Computer simulation was 

effectively used for the optimal laser beam hear 

source control without performing the actual laser 

welding experiment. 

5. Acknowledgement

This research was sponsored by Korea National 

Research Foundation (NRF-2019R1F1A1062594).

- 6 -



Analysis of Laser Heat Distribution in Al-Cu Welding 한국기계가공학회지 제 권 제 호: 20 , 2

����������������������������������������������������������������������������������������������������������������

References

1. Kessler, F., “Fiber Laser Welding in the Car 

Body Shop,” Journal of Welding and Joining, 

Vol. 31, No. 4, pp. 17-22, 2013. 

2. Wang, P., Chen, X., Pan, Q., Madigan, B. and 

Long, J., “Laser welding dissimilar materials of 

aluminum to steel: an overview,” The 

International Journal of Advanced Manufacturing 

Technology, Vol. 87, pp. 3081-3091, 2016.

3. Mohammadpour, M., Yazdian, N., Yang, G., 

Wang, H., Carlson, B. and Kovacevic, R., 

“Effect of dual laser beam on dissimilar 

welding-brazing of aluminum to galvanized 

steel,” Optics and Laser Technology, Vol. 98, 

pp. 214-228, 2018. 

4. Park, J. U., Lee, J. B., An, G. B., Kim, S. M. 

and Seo, H. W., “Characteristic of Welding 

Rotational Deformation in Laser Welding of 

Thin Steel Sheet,” Journal of Welding and 

Joining, Vol. 36, No. 6, pp. 1-7, 2018. 

5. Choi, H., “Analysis of Heat Transfer by Various 

Laser Beam Patterns in Laser Material Process,” 

Journal of the Korean Society of Manufacturing 

Process Engineers, Vol. 17, No. 5, pp. 37-44, 

2018.

6. Lee, J., Im, Y. and Park, K., “Finite Element 

Analysis of a Customized Eyeglass Frame 

Fabricated by 3D Printing,” Transactions of the 

Korean Society of Mechanical Engineers A,” – 

Vol. 40, No. 1, pp. 65-71, 2016. 

7. Jang, Y., Lee, J. and Kang, K., “Structural 

Integrity of Small Wind Turbine Composite 

Blade Using Structural Test and Finite Element 

Analysis,” Transactions of the Korean Society of 

Mechanical Engineers A, Vol. 36, No. 9, pp. 

1087-1094, 2012. 

8. Kim, C., Kim, J. and Kim, K., “A Study on the 

Distortion of a Thin Plate Panel by Laser 

Welding,” Journal of KWJS, Vol. 25, No. 1, pp. 

49-56, 2007. 

9. Kim, Y., Kim, Y. and Jeon, E., “Analysis of 

Heat Treatment Process Conditions for Output 

Characteristics of Permalloy Core on Current 

Sensors using DOE,” The Korean Society of 

Manufacturing Process Engineers, Vol. 19, No. 

4, pp. 16-23, 2020. 

- 7 -




