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Modeling Method for Manufacturing Deviation of Composite Components

Using Discrete Cosine Transform
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Abstract: To more accurately and efficiently express the manufacturing deviations of carbon fiber
reinforced composite components, a modeling method based on discrete cosine transform is
proposed. Firstly, the theoretical surface of the component is discretized to obtain a mesh model.
The normal distances between the mesh model nodes and the corresponding region’s measured
point cloud data are calculated to characterize the manufacturing deviations, thereby obtaining the
manufacturing deviation field of the composite component and achieving the fusion of theoretical

models and measured data. Secondly, using the two-dimensional discrete cosine transform, the
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manufacturing deviation field is decomposed into a linear combination of a series of deviation
modes. By combining the energy concentration characteristics of the discrete cosine transform
with the orthogonality of the kernel function, the modal composition of the manufacturing
deviation field of composite components is identified and selected, determining the key modes that
constitute the manufacturing deviation field. Subsequently, the identified key modes of the
manufacturing deviation field are subjected to discrete cosine inverse transform to reconstruct the
manufacturing deviation field, achieving data simplification of the component’s manufacturing
deviation field. This method reduces computational complexity and data storage while ensuring
reconstruction model accuracy. Finally, an example verification is conducted on a composite skin
component. The results show that the mesh size of point cloud data is inversely proportional to
reconstruction accuracy and the total number of deviation modes. When the data reduction rate is
60.54% , the relative reconstruction error is 7. 62%. The research results demonstrate that the
deviation modeling method based on discrete cosine transform can accurately and efficiently
characterize the manufacturing deviation characteristics of composite components.

Keywords: discrete cosine transform; composite component; manufacturing deviations; modal
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Fig. 1 Flowchart of manufacturing deviation model construction
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Fig. 3 Construction process of manufacturing deviation model
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manufacturing deviation model based on DCT
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