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Tab. 1 Chemical composition of 2205 duplex

stainless steel powder

g% Cr N Mn Mo Si C N Fe

JHs
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Fig.3 Curve of material physical properties with

temperature variation
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Tab. 2 Process parameters table

2R 2501 2
A/ (mm-s™") 18.9 25.1
HkE/ (ges™) 0.3 0.4
HWOtHIA/W 2370 2900
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circular ring surface
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Fig.7 Comparison of simulation and experimental

molten pool morphology
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Microstructure Regulation of Multi—-Pass Laser Cladding Layer
Through Temperature—Flow Coupled Simulation

SU Youliang', LIU Jungiang’, SU Baogiang™
(1.School of Mechanical Engineering, Ningxia University, Yinchuan 750021, China;
2. Liupanshan Laboratory, Yinchuan 750011, China)

Abstract; 2205 duplex stainless steel is a commonly used material for valve sealing components, and the density of the laser
cladding layer and the balance of the ferrite/austenite phase ratio are key factors affecting the performance after repair. Taking
the repair of the internal components of a valve as an example, a three-dimensional transient thermal-flow coupled finite element
model for single and multi-pass laser cladding was established to systematically analyze the evolution laws of the molten pool
temperature field and flow field, as well as the spatial distribution of solidification characteristic parameters. Multi-pass cladding
experiments were conducted using a weaving welding trajectory on a circular ring surface for verification. The results indicate
that: the temperature field of single-pass cladding shows a typical umbrella distribution, while the flow field exhibits a
symmetrical vortex structure; during multi-pass cladding, the preheating effect of the preceding weld beads leads to a more
uniform temperature distribution and a gentler thermal gradient, resulting in an asymmetric complex flow pattern. The cladding
experimental results show that the grain growth direction is generally consistent with the heat flow direction, and under the
comprehensive consideration of solidification parameters and thermal cycling effects, the microstructure of the cladding layer
exhibits small grains, presenting a mixed morphology of cellular and dendritic grains. The research results validate the predictive
accuracy of the numerical model, confirming that the cladding layer exhibits typical duplex microstructural characteristics with a
balanced phase ratio.

Keywords: laser cladding; 2025 duplex stainless steel; temperature field; flow field; coupling; microstructure control
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Research on the Establishment and Verification Method of
the Closed—Form Solution for Notch—Type Flexible Hinges

MO Zhaoyu, WEI Huazian', CHEN Jungiang, YANG Fanxiao, CAI Zhaoyin
(College of Engineering, Shantou University, Shantou 515063, China)

Abstract; Although the closed-form solution for the flexibility of existing notch-type flexible hinges is widely recognized and
mature, there is little detailed discussion on its establishment process and verification methods. To address the insufficient
theoretical calculation references during the design and development of new flexible hinges, this paper elaborates on the process
of establishing the closed-form solution for the flexibility of notch-type flexible hinges using the integral method, based on the
deformation analysis process and methods of classical material mechanics for constant cross-section beams and variable cross-
section beams under linear small deformation conditions. Furthermore, finite element analysis and experimental testing were
conducted. The results show that the errors between the closed-form solution and the finite element results, as well as the
experimental results, are approximately 7% and 6%, respectively.

Keywords: flexible hinge; compliant mechanism; flexibility equation; closed-formed solution; variable-section beams
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