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1. Introduction  
In the field of mechanical engineering, welding processes play a crucial role in manufacturing of 

mechanical parts. Among these processes, rotary friction welding (RFW) stands out due to its 

ability to produce high quality joints with superior mechanical properties. 

This article focuses on the optimization of parameters influencing rotary friction welding joints 

using the Box-Behnken designs approach. 

The Box-Behnken design, a response surface methodology, offers an efficient way to explore the 

relationships between multiple parameters (rotational speed, friction pressure and time) and their 

effects on the response variable, ultimately leading to the optimization of the welding process. 

The experimental work involves the preparation of AISI304 stainless steel specimens, the 

application of the RFW process under different conditions, and the subsequent testing of the 

welded joints for mechanical and metallurgical properties. 

The optimized parameters can lead to improved joint quality, enhanced performance, and 

broader applications of RFW in various industries. Additionally, the use of the Box-Behnken 

design demonstrates a robust approach to process optimization that can be applied to other 

manufacturing processes [1, 2]. 

 

2. Results 
After varying the influencing factors, namely rotation speed, friction pressure and friction time, 

we obtained the results shown in the figure 1 below. 

 
Figure 1. Welded test pieces 

 

The welded specimens by varying the three influential factors, namely the rotation speed, the 

friction pressure and the time according to the Box-Behnken design. 
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Figure 2 shows the results of tensile tests carried out on standardized specimens welded by RFW. 

 
  Figure 2. Stress-strain curves of specimens        Figure 3. Hardness profile across the weld joint 

The observations from the SEM images in Figure 4 and 5. 

 
                              Figure 4. Base metal                           Figure 5. Welded specimen       

3. Conclusion  
The Box-Behnken design allowed for a comprehensive exploration of the interactions between 

multiple parameters, leading to the identification of the optimal conditions for the RFW process. 

The optimal parameters were found to be a rotational speed of 2500 Rpm, a friction pressure of 

200 MPa and a friction time of 6 seconds. Experimental results demonstrated that these 

optimized welding parameters significantly enhanced the mechanical properties of the welded 

joints, and the microstructural analysis further confirmed the quality of the welds, with minimal 

defects and superior metallurgical structure according to the work carried out by researchers [3, 

4, 5]. The use of analysis of variance provided a robust framework for interpreting the 

experimental data. 
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