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Additive and hybrid technologies are the key components for building up the digital 
economy of the 21st century. Simultaneously, until recently, when speaking about additive 
technologies, basically the complex-shaped small-sized products production is meant. Forming 
layered materials using electric arc as a heat source and a filler wire consumables contributes to 
increased productivity in forming of billets. Reducing the technological preparation costs of 
production increases the utilization factor of the material and provides for getting finished products 
with specified performance characteristics.  

Production of layered materials may involve alloy steels and non-ferrous metal alloys with 
different heat-transfer properties. In addition, at continuous multilayer surfacing, the temperature 
fields overlap from layer to layer affecting the formation of the final structure and properties of 
the resulting materials. Formation of products from most aluminum alloys, as well as alloys of 
active metals such as titanium and magnesium alloys, leads to increased porosity of the material 
of the resulting product with a significant reduction in its mechanical characteristics. 

The structure and properties of multi-layer materials are largely determined by the 
peculiarities of heat transfer to the product at cladding. Using highly concentrated energy sources 
allows reducing heat input to the product and improve the conditions to form the structure and 
properties of multi-layer materials. The use of plasma technologies to form layered materials has 
several advantages from the technological and economic points of view. At plasma processing at 
reverse polarity, the arc belongs to the type of arcs with nonstationary cathode spots wandering 
along its surface. One of the distinguishing features of nonstationary spots is the short duration of 
their existence and the high current density in them. Thanks to the effect of cathode sputtering, it 
is possible to clean the surface of the metal from oxides and impurities, improve the alloying of 
materials and reduce the heat input into the product. 

The technology of hybrid manufacturing of products combines the best characteristics of 
the additive formation of the workpiece and the mechanical removal of the material during the 
creation of metal products. The process can be implemented on one platform with hybrid layer-
by-layer deposition of wire material and machining with a CNC machine and is optimal for 
manufacturing large-size parts of low and medium complexity forms. The use of all-metal filler 
metals also allows, in a short time, to exclude the dependence of additive technologies on imports 
of foreign powder materials. Most of all shown  that for increase mechanical characteristics the 
use of layered forging leads to a decrease in technological stresses and a change in their sign from 
tensile to compressive, a reduction in grain size, an increase in mechanical characteristics to the 
level of the base metal.  
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      Laser shock processing is a cold process in which the internal laser radiation falls on the 
surface and causes the formation of shock waves that penetrate to a greater depth under the surface 
of the material. The method is applicable to various materials, regardless of their hardness and 
mechanical properties and can be an alternative to such methods as ultrasonic impact treatment 
and shot blasting.  
      The paper considers the use of laser shock processing for processing welded joints of 
aluminum and titanium alloys. When welding these materials, the structure of the seam is sharply 
different from the structure of the main material, the size of the grain in the seam and the transition 
zone can vary by an order of magnitude. The sharp boundary between the weld and the base metal 
creates conditions in which the zone is the tensile stress concentrator and a sharp change in 
hardness. Increased hardness in the transition zone leads to its cooling and, consequently, to 
destruction during tests at loads lower than required. In addition, tensile residual stresses are 
formed in the ZTV, which also affect the reduction of mechanical properties of the welded joint. 
     To eliminate these defects, heat treatment in the form of the old of the entire welded product 
is used. However, in many cases, especially for large-sized products, this technology is not 
applicable.  

We used the method of laser shock processing to equalize the properties and structure of 
welded joints of Aluminum and titanium alloys, as it allows achieving a greater amplitude and 
depth of residual compressive stresses, with a lower tendency to stress relaxation than other 
methods, and provides locality of exposure up to 0.5 mm.   
     The influence of this method on the microstructure, microhardness and residual stresses in 
the weld and the heat-affected zone of welded joints is investigated.  
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