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THESIS SUMMARY

The thesis consists of five Chapters, including the introduction, methodological
description of the research plan, previous studies on the subject, and the practical
studies that included different methods of freeform surface measurement, presenting
a proposed method for calculating, and estimating the kinematic errors of three-axis
Computer Numerical Control Machine tool (CNC machine tool), this done by
analyzing plot mapping of the proposed test-piece, which was machined on CNC
machine tool. The proposed test-piece designed and machined using NX 8
Unigraphics CAD/CAM software Package. The three-axis CNC-machine tested by
conventional methods (direct and indirect method) in accordance with international
standards. The thesis concludes with recommendations and proposed future actions.

The use of freeform surfaces in various industry sectors such as the aircraft industry,
automobiles and casting molds for engineering products to serve aesthetic purposes
or for a technical function has increased, which increases the need to produce more
complex and high-precision freeform surfaces to fulfill customer demands.

CNC machine tools are the main tool used in the manufacture of freeform surfaces
because of their ability to manufacture complex parts with high accuracy, high
frequency and cost-effective. The accuracy of the CNC machine tool used is one of
the most important factors affecting the accuracy of manufactured freeform surfaces.
Determining the kinematic errors of the CNC machine tool is a preferred way to
improve the accuracy of the manufactured parts.

There are two conventional methods of testing CNC machine tools, indirect and
direct method. The indirect method is used to evaluate the performance of CNC
machine tools by judging the accuracy of a trial test sample manufactured and
measured in accordance with international standards. This method is much easier;
however, the kinematic errors are not identified. The direct method in which the
Kinematic errors of CNC machine tools are separated and determined using
precision instruments such as laser interferometry. The method is more accurate but
requires a long time and expensive devices and highly trained operators, which
makes it more expensive and unpopular to use.



The aim of this thesis:

Studying plot mapping of the freeform surface because they are used in
almost all engineering products and provide a proposed method for
calculating and estimating the Kinematic errors of the three-axis CNC-
machine tool by analyzing the plot mapping measurement data of the
proposed test-piece which machined according to specified steps. To
implement this in practice.

First step: Presenting the research plan, a proposed test-piece is designed
using NX8 Unigraphics CAD/CAM software, machining was planned
according to specific sequences described in detail in the thesis. DMG 360
linear three-axis milling CNC-machine tool was used. The plot mapping of
the proposed test-piece was done utilizing BJ 1015 Mitutoyo Coordinate
Measuring Machine (CMM) utilizing contact probs, and by analyzing the
results, the Kinematic errors of used three-axis CNC machine tool were
calculated and estimated as a suggested method.

Second step: Conventional methods for testing a CNC machine tool
(direct and indirect method) were applied. The direct method is planned
and carried out according to ISO 230-2:2014 quidelines and
recommendations using laser interferometry. The Laser interferometry was
provided by NIS. The indirect method was done using a medium-sized
trail test-piece, which selected according to ISO 10791-7: 2014 guidelines
and recommendations.

Eventually: a comparison have been made between the proposed method
and the conventional methods of measuring a three-axis CNC machine
tool to evaluate the efficiency of the proposed method for calculating and
estimating the kinematic errors of the three-axis CNC machine tool with
an estimate of the associated uncertainty related to these measurements.
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