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Abstract. The article deals with the questions of the end connections of heat-treated precision 

machine parts having a low stiffness, in particular, assembled Camshaft cars. To reduce the 

residual stresses that occur when welding heat-treated parts, it is proposed to perform preheating 

of heat-treated elements in the welding zone using a laser. Also, to reduce the deformations that 

may occur when welding axisymmetric structures with low stiffness, such as assembled 

Camshaft, it is proposed to use pulsed laser welding, and welding is performed only on the site 

previously processed by the previous laser. A laser machine based on two sources of laser 

radiation DLR-200-AC and YLR 150/1500-QCW-AC was used for experimental studies. The 

technological heads of lasers are coaxially arranged and have a single output lens, this allowed 

to calculate the processing program and the necessary laser power for the first and second laser 

source in a single technological window, as well as to synchronize the work of two laser sources. 

As samples were used assembled Camshafts, which consisted of a shaft with a Central hole, and 

heat-treated Cams. The shafts were made of steel 20 (WNr 1.0402), Cams of steel 40X (WNr 

1.7034). Heat treatment of Cams was carried out by induction method. Analytical and 

technological features of processing are described. The cyclic combined process is described. 

The result is shown. Using the proposed methodology it is possible to use the technology of 

connecting axisymmetric parts with low stiffness both at the stage of analysis and modernization 

of existing designs, and at the stage of development of advanced designs.  

1.  Introduction 

The final connection of welded parts with the help of laser is increasingly used in the automotive 

industry. The tightening of environmental requirements for cars makes designers continuously optimize 

its elements to reduce the weight and size indicators.  

One of these parts is the Camshaft of the car. This part operates under cyclic loads. It is subject to 

the most stringent requirements for the accuracy and relative position of the individual surfaces. 

Reduction of weight and size parameters for this part is an urgent technical task.  

One of the options for reducing the weight of this part is the use of an assembled structure [1-6]. This 

will allow you to change the design of existing elements, in particular will allow you to apply a hollow 

shaft. For different configurations of Cam shafts may reduce the weight and size by 10-50%. In addition, 

the designer is able to control the properties of individual wear surfaces of the part through the use of a 

variety of combinations of structural materials. Economic benefits can be achieved when used for low 

cost materials.  
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However, obstacles to the creation of such shaft designs are high requirements for the location of the 

working surfaces of the Cams, shaft deformation during welding by standard methods, as well as the 

need to perform welding of heat-treated parts.  

The use of multi-component materials, complex configuration, low stiffness, and different thickness 

in the weld area make technologists constantly look for new ways and varieties of welding. This is due 

to the complexity of the structures used and constantly growing technical requirements for parts.  

In works [7-9] the analysis of deviations of mating details at laser welding, in particular for 

axisymmetric details is carried out. Minimal deviations in the application of laser welding were revealed. 

In [10-12] it is shown that the preheating of the treatment surface leads to an improvement in the stability 

of the welding process. In particular, the work [13] shows the possibility of using induction current as a 

heating source. However, these methods are mainly applicable to high stiffness parts that are not subject 

to deformation during welding. Therefore, the search for technological solutions for welding of heat-

treated axisymmetric parts with low stiffness is an urgent task. The work [14, 15] describes the use of a 

laser beam for preheating the welding zone, in particular in friction welding. Laser two-beam welding 

reduces the temperature gradient during welding, improves the stability and quality of the welded joint 

[16-18]. Therefore, as a source of local heating and welding of heat-treated parts, the use of a laser beam 

is permissible. In this paper, it is proposed to preheat and weld using two different lasers.  

2.  Research methodology 

During the experimental work, the preheating of the heat-treated area was carried out by short-term 

exposure to a continuous medium-power laser. The final connection of the Cams and the shaft by 

welding using a pulsed laser. This allowed minimizing the deformation of the structure during welding.  

The laser combined treatment experiment was performed using two lasers, DLR-200-AC and YLR 

150/1500-QCW-AC. Optical laser heads are mounted coaxially (figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Optical laser heads. 1 - Optical head 

DLR-200-AC; 2 - Optical head YLR 150/1500-

QCW-AC; 3 - the output lens; 4 - rotational 

device. 

 

This made it possible to apply the original cycle during processing (figure 2). The processing 

technology is as follows. The first laser (DLR-200-AC) performs preheating in the weld area. After that 

it is switched off, the laser head returns to the middle of the treated area and the second laser (YLR 

150/1500-QCW-AC) is switched on. Working in pulsed mode, it produces welding treated with the first 

laser phase. After this cycle repeats itself.  
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Figure 2. Cycle combined processing. 

For experimental work a set of Cams of steel 40X (WNr 1.7034) and a hollow shaft of steel 20 (WNr 

1.0402) were used. The Cams have been heat treated to a hardness of 45 HRC. Installation of Cams on 

a shaft was carried out in specialized technological equipment. Landing Cams was carried out to provide 

the necessary clearance GOST 28915-91 "Laser impulse welding. Main types, design elements and 

dimensions", type T1.  

The papers [19, 20] give the theoretical data for calculating power density in the treatment area while 

creating on the surface of temperatures at which the processes of heat treatment of the material 

(hardening, temper, anneal), as well as welding and evaporation processes. Based on available data, 

power densities for preheating and welding have been analytically calculated. The power density for 

preheating was 7.07∙104  W
cm2⁄ , for welding 5.3∙105  W

cm2⁄ . 

To obtain the required overlap ratio (𝑘𝑝=0.5), the angular velocity of the shaft rotation is calculated 

(figure 3). The initial data was taken as the diameter of the contact spot (d) of the laser in the treatment 

zone – 0.3 mm.  

Calculation of the angle of rotation to meet the conditions of combined treatment was carried out 

from the condition α=d. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Scheme of calculate velocity of 

the shaft rotation for combined processing. 

 

The velocity ω was chosen based on the solution of the inequality (1): 

 ω=
ϑ

R
≤kp∙d (1) 

After calculation, the speed ω is made up 0.134 rad
sec⁄ . 
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3. Practical significance 

Camshaft after combined (preheating + weld) processing illustrated in figure 4. 

 

Figure 4. Camshaft after combined (preheating + weld) processing. 

4. Conclusions 

The methodology of complex laser processing of high-precision heat-treated machine parts with low 

stiffness is proposed. The technology of Assembly of heat-treated parts on the example of camshaft is 

proposed. The possibility of reducing residual stresses in the welded joint of heat-treated parts due to 

preliminary local laser treatment is shown. 

5. Judgments and prospects of research development 

At the stage of further analysis of the proposed technical solutions, it is advisable to use virtual and 

mathematical modeling tools, for example, Ansys, MathLAB/Simulink, including simulation and 

parameterization of technological parameters of laser processing (for example, by the criteria of thermal 

balance, calculations of stress-strain state, accuracy characteristics, reliability and durability criteria, 

dynamic performance, etc.). 

In addition, further work will describe the structure of the welded joint, as well as the results of 

endurance tests of the proposed design of Camshafts. 
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