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Abstract

Curved contour on large thin-walled skin is difficult to be machined since severe
deformations usually occur on real skin. It is critical to determine the real ge-
ometry of the deformed contour. Under the assumption that only the normal
deformation of the large thin-walled skin occurs and the shear deformation is
ignored, a novel isometric mapping based adaptive machining method is de-
veloped. While straightness distance or local angle is preserved in traditional
surface mapping methods, arc-length is preserved in proposed isometric map-
ping to improve the contour cutting accuracy. The proposed method consists of
three steps. (1) The real geometry of the deformed surface is obtained by using
a laser scanner based on-machine measurement (OMM) system. The measured
point cloud is then transformed into triangular mesh to represent the deformed
surface. Some points on the nominal surface are sampled based on uniform
sampling strategy, and the corresponding sampling points in the deformed sur-
face are also allocated. (2) Isometric mapping between the two groups of points
is constructed. Matching accuracy between nominal surface and real surface
is defined based on the deviation of the geodesic distances of the two groups
of points. A surface matching optimization model is developed to adjust the
mapping point location in the triangular mesh and achieve a minimum surface
mismatch error. (3) The toolpath is adaptively adjusted to compensate the
deformation error based on the isometric surface mapping results. Both simu-
lation and machining experiments are conducted to demonstrate the feasibility
and validity of the proposed method. The experiment results show that accu-
racy of the machined curved contour on the deformed skin has been significantly
improved.
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