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STUDIES ON THE MACHINE TOOL DYNAMICS AND MACHINING ACCURACIY

BY SHIGERU UENO

ABSTRACT

Demands are imposed to production engineering for ever increasing capabi-
lities of qualities as well as quantities of production. The improvement of

machining accuracy is most urgent and important in the manufacturing process,
since high technologies require ultra- accurate machining to produce highly
sophisticated products such as electric and electronic devices. There are still
many problems to be solved to achieve high machining accuracies, such as forming of
the cutting edge, control of the material properties of the workpiece.However,
it is understood that the most fundamental problem is to establish the methodo-
logy to evaluate the machining accuracy. At the same time, method are required
to be developed to clarify the sources of various machining errors based on the
accuracy measurements. It is well known that the dynamic performances of the
machine tool have strong influences to the machining accuracy, but guantitative
analyse are not yet carried out, because the measuring methogd of the dynamic
performances of the machine tool is still unaccomplished.

In this study, attempts are made to the measuring and analysing methods
of the machining accuracies and the metodology to analyse the dynamic perfor-
mance of the machine tool. The relations between the machining accuracies and
the dynamic performances of the machine tool are investigated by using the
measuring methods established, and new procedures are proposed to improve the
machining accuracies. The contents of the thesis are summarized as follows:

In Chapter 1, importances of the improvements of machining accuracies and
of the dynamic analyses of the machine tool characteristics are described.
Present state of the art of the related studies are surveyed and the problems
to be solved are pointed out. The aimes of the study are so settled as to
establish the measuring and the analysing methods of machining accuracy and of
dynamic characteristics of machine tool.

In Chapter 2, methodology is investigated to measure and analyse the
machining accuracy. Functions and geonetries of machined parts for industrial
use are classified based on the parts family concept, and they are related to
the metrological functions required to satisfy the design target. Functions of
the conventional industrial measuring instruments are also categorized to
extract the basic metrology functions. A proto - type modular type measuring

system is designed and constructed based on the concepts of the metrology

functions developed. The system is employed to evaluation tasks of machining
accuracy and satisfactory results are obtained with the system developed.

Fundamental concept of the method of the data analysis is proposed to evaluate
the machining accuracy.

In Chapter 3, Present technologies of the dynamic analysis of machine tool
is surveyed, and the shock excitation test technique is adopted as the most
practical method to be used in the machine shop. The shock excitation technique
is applied to analyse the dynamic characteristics of the machine tools under run-
ning conditions. An algorithmic procedure is developed and applied to cancel
the inherent noise signal due to the machine tool operation which is superimpos-
ed upon the transient response signal and deteriorates the measuring accuracy.
A technique combined with high speed sampling of the response data and the digi-
tal filtering is developed to improve the measuring accuracy. Effects of the
developed methods are confirmed theoreticaly and also by the actual tests to
prove the superiority of the methods developed. The accuracies of modal para-
meter extractions in the frequency domain and in the time domain are compared
for a single degree of freedom model, and the basic characteristics of the. both
methods are investigated.

}n Chapter 4, the machining accuracy as influenced by the dynamic char-
acteristics of the tool holder is investigated. The shock excitation technique
is applied to a boring bar with impact damper and the digital simulations are



carried out to the impulsive loading. The frequency response of the boring bars
tentatively manufactured are measured employing the shock excitation technigue
and good agreements are obtained in the results between the simulationsand
the measurements. Actual cutting tests are carried out with the boring bars,
and their cutting performances are compared with the dynamic characteristics
of the boring bars. Good correlations are obtained between the measured dynamic
compliances and the experimentally obtzined profile errors of the machined
parts.

In Chapter 5, the effects of the dynamic characteristics of the workpiece
holding system upon the machining accuracy is investigated. The frequency
responses of the workpiece fixed with the three jaw chuck are measured employ-
ing the shock excitation technigque under various supporting conditions, and
the actual cutting tests are carried out for the same workpiece configurations.
The geometrical accuracies of the workpiece after cutting are measured and
compared with the dynamic compliances of the workpiece, and good correlations
are obtained between the measured accuracy and the dynamic compliances.

The shock excitation technique is found to be useful to find the optimum
supporting condition of the workpiece in the machine shop.

In Chapter 6, improvements of the machining accuracy and the dynamic
characteristics of the machine tool are pursued by applying new material to
the machine tool structure. Hydraulic and epoxy resin concretes are introduced
as new structural materials. The mechanical properties of the concretes such
as the equivalent modulus of elasticity and damping coefficient, are measured
for various compositions, and the epoxy resin concrete is found to be superior
to the hydraulic concrete in mechanical properties. Fundamental design concept
for structures with combined steel and concrete is proposed based on the
evaluation function which is defined as the product of the stiffness and the
damping coefficient. The evaluation functions theoretically estimated are
found to coincide with the measured ones for the steel pipes filled with the
concrete. The epoxy resin concrete is applied to the tool post of the engine
lathe so as to evaluate the dynamic performance. Intermittent cutting tests
are carried out to compare the performances for various types of tool posts
such as conventional one, one made of solid steel, one made of concrete and
one made of steel weldments filled with concrete. The test results show that
the tool post made of the concrete is good in machining accuracy and can extend
the tool life of the ceramics for the interrupted cutting. The bed of a cylind-
rical grinding machine is made of the epoxy resin concrete. The dynamic chara-
cteristics, the machining accuracies and the life of the grinding wheel are
measured and compared with those obtained with a conventional grinding machine.

The test results show good performances of the proto~type grinding machine
made of the concrete in all aspects, for example, the tool life of the wheel
which 1s three times longer than that obtained with the conventional one.
The epoxy resin concrete seems to be good as the structural material for
the machine tool to improve the machining accuracy.

In the last Chapter, the conclusions of the thesis are summarized. New
methodologies are proposed to improve the machining accuracy from the view-
point of the dynamic characteristics of the machine tool, and future problems
to be investigated are alsoc proposed.
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