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Research on Tool Path Planning of Spiral Finishing Processes Based on
Coons Reparameterization for Blades with Blisk Compound Surfaces

HAN Jiang'® DU Hao'® TIAN Xiaoqing"* XIA Lian"’
1.School of Mechanical Engineering, Hefei University of Technology, Hefei, 230009
2.Anhui Intelligent Numerical Control Technology and Equipment Engineering Laboratory, Hefei, 230009
Abstract: In order to improve the blade processing quality and solve the problems that the existing
blade spiral machining trajectory generation method might not be used for trimmed surfaces, a new spiral
finishing trajectory generation method was proposed for combined curved surface modeling blades with cut-
ting surfaces. Firstly, using the Coons reparameterization method to calculate the control lines relied on for
spiral machining trajectory generation, suitable for blades with trimmed surfaces. Then, based on the
model of blade with compound surfaces, a method for generating tool path and the spiral cutter contact
point’ s calculation formula were proposed. The cutter contact point is modified by introducing sensitivity
analysis. Finally, the tool axis vector is optimized by introducing spherical interpolation to minimize the ac-
celeration of the rotation axis. An automatic programming software based on this method was developed to
generate a continuous and smooth blade spiral finishing tool path. Simulation and experimental results show
that the proposed method improves the blade profile accuracy compared to UG/NX., the pressure surface
roughness is reduced by 11. 28% , and the suction surface is reduced by 20.32%. After the optimization of
the tool axis vector. the acceleration of the rotation axis is reduced by 88. 72 %.
Key words: blade; compound surface; trimmed surfaces; Coons patch; tool path generation
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Fig.1 Control line intersection diagram
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Fig.2 A schematic diagram of the intersection of

isoparametric curves and surface boundaries
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Fig.3 Open blisk blade spiral finishing flow chart
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Fig.5 Suction surface reparameterization schematic diagram
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point correction on the i th cutter contact curve
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Fig.17 Toolpaths for UG/NX and proposed methods
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Fig.18 Simulation results of UG/NX and the

proposed method
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Fig.19 Results of blade processing
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Fig.20 Blade surface profile accuracy of the proposed

method and UG/NX
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Tab.1 Comparative analysis of the blade surface

profile accuracy between the proposed method
and UG/NX

S/ | g | o i ZNEVAR-FN-V

mm mm mm

FrdEJrik| 0.042 | 0.010 | 0.762 | —0.330 | —0.065 | 0.067
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Fig.21 Measurement results of the roughness of the pressure surface machined by the proposed method
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Fig.22 Measurement results of the roughness of pressure surface machined by the UG/NX
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Fig.23 Measurement results of the roughness of the suction surface machined by the proposed method
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Fig.24 Measurement results of the roughness of suction surface machined by the UG/NX
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Fig.25 Comparison of tool axis vector before and

after optimization
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after optimization
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