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ABSTRACT

Due to the higher structure efficiency and lightweight characteristic, thin-walled parts
are widely used in the modern manufacturing industry.

However, from another point of view, these parts are complex in structure, have weak
stiffness, and high precision demand. During the machining process, because of low
rigidity structural characteristics, actual workholding process and fixture selection are
heavily affected by the deformation of thin-walled parts. Moreover, most of the fixturing
process is executed as manual operations, which generate large process variations. These
fluctuated fixturing processes have deteriorated machining accuracy for a long time.

The objective of this research is to investigate an on-machine estimation method to
achieve an efficient and fast estimation of the fixturing force and workpiece deformation.

The estimation enables visualization of workholding states and improves machining



accuracies of thin-walled parts.

In this research, a systematic estimation method of workholding states which
combines fixturing simulation and locally measured strain is proposed and evaluated.
The proposed on-machine estimation method is evaluated in different workholding
conditions (clamping sequences and fixturing forces). Estimated fixturing force and
workpiece deformation for a clamped thin-walled workpiece was compared to the results
from the engineering experiments. From the comparison, it becomes clear that the
proposed method has the feasibility to detect improper workholding states such as
insufficient fixturing force or excessive deformation.

In this thesis, several methods are used to build a system to estimate the workholding
state of thin-walled parts in the machining process. The main story is described as
follows.

Firstly, trends of recent production are summarized as a background of this research.
Roles of thin-walled parts which apply in the modern manufacturing industry, trends of
thin-walled workpiece machining, and the importance of thin-walled workpieces are
introduced. Moreover, related researches about workholding state estimation in
workholding situations, measurement technology development, FEM analysis, and a
combination of measurement and simulation are surveyed.

Secondly, to concretely explain the overall objective, the whole research process is
illustrated to follow four steps:

(1) Feasibility verification of On-machine estimation

(2) Fixturing force estimation

(3) Effect of clamping sequence

(4) Measurement points selection



Thirdly, a framework for on-machine estimation is proposed. Based on considerations
of process variables, a concept of the iteration optimization process, workholding
simulation framework, estimation flow of complex workholding state, and evaluation
criterion of measurable points are explained. This research presents these methods to
build an effective system of thin-walled parts workholding estimation.

Fourthly, several case studies are set to verify our proposal based on the four steps of
the objective paragraph. From the results of case studies, the proposed estimation
method of workholding state can visualize the fixturing states in various workholding

situation.

Lastly, the conclusion of the dissertation is described.
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