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Abstract

The precision and ultra-precision grinding machines have been the manufacturers
of high precision parts, which are of great significance for the national economy and
national defense construction. These also become one of the most important indicators
of the national manufacturing industry. With the development of the computer
technology and the finite element analysis technology, the finite element analysis
plays an important role in ultra-precision machine tool design, structural analysis, the
research of factors in machining quality and the monitoring. It is an effective solution
to stress analysis, temperature analysis, vibration analysis, optimization design and
simulation of processing state. As the object structure for analysis becomes more and
more complex, and the data huger, large storage space is needed for analysis process
and to save the result. Also, three-dimensional dynamic observation of the result
depends on the analysis software from which it produced. This has affected the
interactive between workers. In this situation, this paper gives a new method of
visualization in three-dimensional data from analysis result, base on the temperature
analysis result data of the spindle of the ultra-precision surface grinding machine.

Temperature has great affection on machining accuracy of the ultra-precision
grinding machine. In this paper, as an example, the spindle of ultra- precision surface
grinding machine is given a temperature analysis, and result data was extracted, the
model was reconstructed base on three-dimensional triangulation, the data structure of
point cloud with density was created, and the DXF files was generated which is
widely used. This paper also realizes 3D visualization independent of the analysis
software, which is portable for workers to observe and interactive. The point cloud is
caved inside glass by laser to verify the correctness of the visualization method. The
main work of this paper is as follows:

1. The heat source and the boundary conditions on the spindle are studied; all of the

heat source, thermal conductivity and the convection are concerned. Then the thermal

II
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analysis is done in ANSYS. The node information is extracted from the result of
ANSYS by secondary development on ANSYS.

2. Complete the reconstruction of the model from the finite element analysis result
data. Establish the mathematical model comprised of analysis result and the original
model. At the same time, an improved mapping algorithm for Delaunay triangulation
is developed, with which the algorithm becomes more accurate.

3. Generate point cloud with density based on the model reconstruction, which is
used to express the data with the distance between points; also the orientation and the
fairness of the point cloud are adjusted through the space geometric algorithm.

4. The performance and the parameter of the laser sub-surface engraver is tested

and adjusted, the 3D point cloud of the data of thermal analysis is engraved in glass.

Key Words: Machines of ultra-precision grinding; Temperature; Finite element

analysis; Visualization; 3D point cloud; Sub-surface engraving
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