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Fig.2 Surface approximation for topological model:
(a) topological preform model and (b) preform model

with STL geometric format
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Fig.3 FE model for blade forging: (a) initial preform model and
(b) blade forging model
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Table 1 Material properties of pure aluminium

Young’s modulus, Possion's Density, Heat capacity, C,  Thermal conductivity, Thermal
E/GPa ratio, v plkg m3 kgt oc! AWt K! expansion/°C™!
Workpiece 69 0.33 2700 900 247 2.3%10°
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Fig.4 Evolution process of preform profile with corresponding equivalent strain distribution
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Fig.5 Changes of optimization objectives with preform iteration
process: (a) mean square deviation of equivalent strain and

(b) material utilization ratio and die-filling rate
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Fig.6 Blade forging equipment: (a) forging die and (b) trimming
die
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Fig.7 Photos of optimized forging parts: (a) preform part and
(b) forged blade
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Fig.8 Evaluations of geometrical accuracy with aerofoil sections:
(a) schematic diagram of chosen aerofoil sections and

(b) the photo of laser measuring equipment
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Fig.9 Shape deviations of aerofoil sections between actual
forged part and FE simulation result: (a) shape deviation
of concave aerofoil surface and (b) shape deviation of

convex aerofoil surface
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Fig.10 FE model for preform preparation with extrusion-
upsetting forming technology: (a) before extrusion-
extrusion-

upsetting  process and (b)  after

upsetting process
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Fig.11 Comparison of cumulative damage values of ductile fracture:

(@) preform without optimization and (b) optimized perform
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forming process: (a) preform without optimization and

(b) optimized preform
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Optimal Design for Preform of Blade Forging by Topological Algorithm Combined with
Numerical Simulation and Physical Experiment

Guo Pingyit, Lu Bin?, Shao Yong*
(1. Jiangsu Provincial Key Laboratory of Advanced Welding Technology, Jiangsu University of Science and Technology, Zhenjiang 212003,

China)
(2. National Die and Mold CAD Engineering Research Center, Shanghai Jiaotong University, Shanghai 200030, China)

Abstract: Preform design of blade forging has been optimized by a developed topology method. The key techniques of 3D topology
optimization included optimization strategy, optimization objectives, element addition and removal criterion and geometry model treatment.
To fulfill the objective of increasing raw material utilizing rate and die-filling rate, a theoretical optimized preform has been obtained after
optimization iterations of 10 times based on the self-programmed code. Blade forging experiments were implemented to validate the
formability of optimized preform form. Aerofoil section profiles extracted from actual forged blade by the laser measure equipment were
compared with that from the FE results. The preparation technique of optimized preform was also discussed. A satisfactory optimal result
of preform design has been achieved by using the topological method.

Key words: blade forging; preform optimization; topological algorithm; extrusion-upsetting forming technology
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