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component, which can realize the precise coupling between the laser beam, the cladding material and the molten pool on the
surface of the substrate and continuously form the cladding layer. The laser cladding machining head has a built-in optical lens
group, which is mainly used for transmission, transformation, and focusing of the laser beam, and the beam can be processed
according to different processing requirements. The processed beam develops specific focusing properties such as spot size, spot
shape, energy distribution and depth-of-focus characteristics. In general, the focusing characteristics of different light sources
vary greatly, and the focusing characteristics directly affect the quality of the cladding layer and the formed part through optical
material coupling. This requires matching process parameters, including laser power, scanning speed, feed rate and overlap rate.
This article mainly analyzes the influence of the laser cladding machining head's focusing performance on the cladding forming
process, and reviews the design of the machining head and the development of its forming process. Specifically, it includes the
influence of spot shape, spot size, spot energy distribution, laser power, light source characteristics, etc. on material deposition
speed, cladding material utilization efficiency, and cladding layer quality.

Firstly, according to the type of laser cladding material and the coupling form of the material and the laser beam, a brief
overview of the laser cladding optical material coupling method and machining head is given, and the influence of the forming
technology is summarized. Coaxial feed cladding heads offer significant advantages over side axis feed cladding heads and are
widely used. Secondly, the effects of the focusing properties of continuous Gaussian and flat-top beams and pulsed lasers on the
cladding layer are discussed separately, while the energy distribution characteristics and the influence of the spot size on the
cladding process for three different spot shapes (circular, rectangular and toroidal) are outlined. In addition to the properties of
the cladding material and the substrate, the properties of the cladding layer also depend on the microscopic particle activity
under temperature control during the cladding process. The pulsed laser has higher peak power, faster instantaneous heating
speed, and the stirring effect on the melt pool can increase the convection circulation of the melt pool, enhance the cooling rate,
reduce the temperature gradient, and greatly improve the mechanical properties and microstructure of the cladding layer.
Thirdly, the effect of laser energy density on the quality of cladding layer is studied. Laser energy density is a reliable way to
describe quantitative heat input. For different materials, there is an optimal combination of parameters for the energy density of
laser cladding. Based on the analysis of ultra-high-speed laser cladding technology, it is proposed that the long focal depth
focusing characteristics of the lens can greatly improve the processing efficiency of laser cladding, reduce the heat accumulation
and improve the material utilization. Finally, the development trend and application prospect of focusing performance of laser
cladding machining head are outlooked.

KEY WORDS: laser cladding; focusing performance; cladding forming technology; laser machining head
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Tab.1 Comparison between conventional laser cladding and ultra-high speed laser cladding
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