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Fig. 1 Schematic diagram of the overall experimental equipment
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Fig. 2 Microstructure and hardness distribution of samples L1 and L2
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Fig. 3 Nanoindentation mechanical properties of the matrix phase and M,B phase in samples L1 and L2
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Fig. 4 EBSD characterization results of samples E1 and E2
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Fig.5 Overall deformation state and coating surface cracking of samples after SHPB compression
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Fig.7 Tear hole and crack propagation trends of samples E1 and L1 after SHPB compression
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Fig. 8 Tear hole and crack propagation trends of samples E2 and L2 after SHPB compression
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Fig. 9 Coating area, crack at the coating—matrix interface, and energy spectrum of samples L1 and E1
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Fig. 10 Coating area, crack at the coating—matrix interface, and energy spectrum of samples L2 and E2
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Influence of Electropulsing—Assisted Ultrasonic Surface Rolling Process
on the Dynamic Compression Properties of Laser
Cladding High—Entropy Alloy Coatings

LI Dali', WANG Hongdu®, LIU Hao", LIANG Huiyue', ZHU Haitao', HAO Jingbin', ZHAO lala'
(1. School of Mechanical and Electrical Engineering, China University of Mining and Technology,
Xuzhou 221116, China; 2. Yuxi Dahongshan Mining Co. , L.td. , Yuxi 653405, China)

Abstract: To address the issue of surface interface failure under the coupling effect of high strain cyclic impact and
abrasive wear in the central trough of deep long-wall coal mining scrapper conveyors, this study focuses on the
laser cladding Al ; Co, ; CrFeNi,(TiB), (x=0, 0. 25) high-entropy alloy (HEA) composite coating. U'tilizing
electropulsing-assisted ultrasonic surface rolling process (EP-USRP) technology, a surface strengthening struc-
ture with a gradient distributions of grain size, dislocation density, and residual stress was constructed. Through
microhardness testing, nanoindentation experiments, EBSD characterization, and split Hopkinson pressure bar
(SHPB) dynamic compression tests, the relationship between the microstructure and performance of coatings
with different morphological forms, as well as their failure mechanisms, were analyzed. The results indicate that
the M,B (M represents metal elements) reinforcing phase significantly enhances the hardness of the coating and
improves indicators such as H,/E and H;/E®, thereby improving the coating’s deformation recovery capability.
The EP-USRP did not change the phase composition of the coatings; however, the gradient work-hardened layer
and compressed residual stress zone formed on the coating surface can inhibit crack propagation and coating delam-
ination during dynamic compression, thereby enhancing the cooperative deformation capability of the coating-
substrate interface. The dynamic failure of the coating primarily arises form the mismatch in the amount of com-
pressive deformation between the substrate and the coating. The rigidity of the coating applies a reverse tensile
stress to the coating-substrate interface, including cracks and tearing holes that extend into the coating; mean-
while, the surface gradient strengthened layer effectively suppresses the extension of cracks into the coating. The
research results can provide references for the design and engineering application of alloy coatings.

Key words: high-entropy alloy; laser cladding; ultrasonic rolling; pulsed current; dynamic compression
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