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powder superalloy cladding extrusion: (a) Geometric

Finite element modeling diagram of nickel-based

model; (b) Extrusion bar travel to 80 mm
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Table 1 Level table of design factors for numerical simulation of cladding extrusion

Level No. Initial temperature, ¢, .. /C Extrusion speed, v/(mm+s™") Extrusion ratio, 4 Die angle, a/(°)
1 1080 30 3.45 40
2 1100 35 4.69 50
3 1120 40 6.76 60
4 1140 45 8.72 70
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Fig. 2 Schematic diagram of data analysis after simulation of cladding extrusion: (a) Schematic diagram of sampling data;

(b) Effective strain distribution along axial direction of extruded bar; (c) Effective strain distribution along radial direction at

different sections of extruded bar
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different stages in Fig. (a) during superalloy cladding extrusion process((b)—(g))
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Dissolution behavior of y’ phase at grain boundary and its effect on grain growth at different heating temperatures:
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Optimization diagram of extrusion process window of WZ-A3 nickel-based powder superalloy: (a) Initial

temperature of billet-Extrusion speed; (b) Extrusion ratio-Die angle
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Numerical simulation and processing window optimization on
cladding extrusion of novel nickel-based powder superalloy

WEN Hong-ning', JIN Jun-song', TENG Qing', YANG He-yang', GONG Pan', WEI Qing-song’,
WANG Xin-yun', XIAO Lei*, MA Xiang-dong?, YANG Jin-long> *

(1. State Key Laboratory of Materials Processing and Die and Mould Technology,
School of Materials Science and Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China;
2. Shenzhen Wedge Central South Research Institute Co., Ltd., Shenzhen 518000, China;
3. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
4. Shenzhen Wedge Aviation Technology Co., Ltd., Shenzhen 518000, China)

Abstract: The influence of processing parameters on the extrusion process of hot isostatic pressed nickel-based
powder superalloy was studied by means of finite element simulation and experimental verification. The process
window was optimized. The results show that the effect of extrusion speed and initial temperature on strain is not
significant, the extrusion ratio is linearly correlated with the degree of extrusion deformation. The increase of
extrusion ratio and the decrease of die angle can improve the uniformity of the radial distribution of the extruded
bar. The uniformity of temperature distribution can be improved with the increase of extrusion velocity and initial
temperature of billet and the decrease of extrusion ratio and die angle. Based on the microstructure control
criterion, the process window was optimized. Then, the extruded bar with uniform fine grain and without defects is
obtained by experiment. This study verifies the feasibility of the optimum design of parameters in the engineering
practice of nickel-base powder superalloy cladding extrusion.

Key words: nickel-based powder superalloy; cladding extrusion; numerical simulation; grain size; process

window optimization
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