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Rapid prediction on material transfer across deformation zones for
multi-rib component under isothermal

Tang Haibing, Wei Ke, Yang Chao, Ding Tong, He Guoyun
(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Aiming at the inherent cross-area material transfer and the possible folding problem of multi-rib components in the isothermal
local loading process, a method for quickly predicting the material transfer volume was proposed. Firstly, the geometric feature structure of
transition zone under the local loading was extracted, and the equal thickness blank with a simple shape was designed to reflect the cross-
area material transfer characteristics in detail. Secondly, the local loading forming process of multi-rib components was analyzed by finite
element simulation and physical simulation experiments. Then, according to the material flow characteristics and stress state of material in
the transition zone, the material in the loading zone was divided into three regions, and according to the force balance condition of equal
size and opposite direction, the force analysis on the elementary bodies in these three zones was performed. Furthermore, the prediction
model of neutral layer position and material transfer volume was obtained by the force equilibrium equation, yield equation and boundary
conditions to solve the equation. Finally, the finite element analysis results were compared with the results of the prediction model to verify
the rationality and reliability of the prediction results.
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Fig. 1  Schematic diagrams of local loading process

(a) Beginning of the first loading step
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(b) End of the first loading step

(¢) Beginning of the second loading step
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Fig.2  Schematic diagrams of multi-rib component

(a) Geometric structure
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Fig. 3 Finite element model of multi-rib component
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Fig. 5 Result diagram of the first loading step

(a) Results of finite element simulation and experiment
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Fig. 6 Results of finite element simulation (a) and experiment

(b) for the second loading step

(b) Equivalent stress distribution
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