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1. HIGH PRECISSION MACHINING TECHNOLOGIES
INTRODUCTION
Current product development with dimensions of micrometers and nanometers is
caused by economic constraints and the need to improve their quality and durability. The
current stage production technologies represents a new path in the manufacturing process and
does not necessarily lead to downsizing of products and to improve their quality. These
options are a challenge for designers, technologists and operating engineers. In order to
uncover the secrets and production possibilities that are still hidden in the unrecognized areas.
The path that leads to the discovery of these "unknown" is through the study of the
physical essence of the smallest particles of matter and phenomena that accompany their
behavior.
The diversity of these problems, i.e. the transition from macro-to micro-and nanomanufacturing processes required to prepare professionals with broad knowledge of many
disciplines. It should be noted that production processes are cutting their long history from the
Industrial Revolution to the present day. The economic importance of machining technology
may not be underestimated. Currently, in industrialized countries, the cost of machining is
more than 15 % of the product price.
A number of parts manufactured by machining monitors currently two tendencies.
Reducing the size and improving their product quality during manufacturing precision
components, when taken small additions of materials plays an important role in cutting edge
radius tools, both in terms of separation of layers of material, and for the quality of the
finished surface.
Machining technology is actually a versatile method used in industrial production.
Even semiconductor industry depends on the quality of the materials to be cut.
Part I. Theoretical and Application base. I
1.1 Historical development of high-precision machining methods
1.2.Characteristics and definitions of contemporary technology on energy
1.3 Characteristics and conditions of high-precision machining
1.4 Physical nature of material removal, chip formation characteristics of the surface layer
1.5.Influances of material properties on surface integrity
1.6 Load power tools, thermal and residual stress
1.7 Requirements for cutting materials
1.8 Requirements for tools and fixtures for high-precision machining
1.9 Clamping
1.10 Examples in modern production
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Historical development
Machining technology always stays as the most important technological operation
when producing accurate mechanical components. The surface generated by machining
operation but influences the functional reliability and service life of the components. On the
surface or closely under it start the processes of effects , fatigue , corrosion and other. During
machining creates the surface and subsurface with a certain character with different properties
from the inner matter of component material. The big changes relate not only by surface
texture, but also of changes from the view point of physical metallurgy.
Ultraprecision technological processes are interested now for designers, technologists
and operating employers.. For the designers are these technologies the way for successful
introduction of modern constructions when using components miniaturization. For he
technologists allow to finish the components with the tolerances in nanometers and with
glossy texture.. Such a surfaces can be used not only in mechanical engineering but first of all
in branches like optics, electronics, biomedicine and others.
The operating employers can consider that the products will be on the functional
requirements
The physical substance of these technological operations is the removing of very small
depth of cut and to operate with small feed.. Thereby they are created new problems which
must be solved by correct choice of workpiece material , tool geometry and cutting
conditions.
The knowledge of material removing mechanism under very accurate technological
operations contribute to the new created surface, but they are important how to reduce the
defects in functional surfaces.
More accurate production corresponds to better improvement of functional properties
of components.
Ultraprecision technologies are predestine as technologies of 21th century.. This
requires to determine the strategy of ultraprecision technologies for their further development
and for the broad use in mass production .Today it can be considered that a row of processes
and systems will have hybrid forms which will be the mix of nano – micro – and macro
accurate technologies.
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In passed years was reached expressive progress in development of production
processes. Now it is necessary to consider the future perspectives of these technologies
Present studies demonstrate, that presents to the integration of technology and to
manufacturing control.
The reasons why it is necessary to solve these problems .gets on from following requirements:
- miniaturizing components dimensions
- high required components quality
- miniaturizing the tolerances
- reduction of production costs
- reduction the components mass
All these requirements have the influence on the cutting process, especially on the
choice of tool , tool material , material of the component and cutting environment These
requirements are projected also on the machine tools
Miniaturization has always greater importance There is necessary to solve the problem
between the manufacturing branches and to use their production experience. It turns out to go
from the classical technologies to the technologies micro and nano.
Micro product is characterised by small dimensions. Further important sign of micro
production is the integrity it means the consolidation of production and functional principles.
From the functional point of view it is necessary to differ the component which have
to be small for reaching higher difference and accuracy and such a components , where the
functional property is able to be reach only in small dimensions.
The further key element of these strategy is the tool and tool material. Both these
elements registered great progress and allow to work with high cutting speeds

Fig. 1.0 Weight reduction of ABS system of BOSH company products.
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For the higher cutting power and for increase the productivity there are offered the
following solution:
- reduction of non productive times
- dry cutting,
- control of chip creation
- reduction of flash
Ideal tool material which has high hardness, good toughness and chemical resistance is the
cemented carbide When preparing the tools with sintered carbides the important period is the
process of grinding. Grinding influences the character of surface especially the surface
roughness and residual stresses. .In the future there are expected the processes of coating ,
which improve the cutting properties of the tools. The special attention has to be given to the
tools sharpening .Optimisation of the tools is orientated rather to the tool stiffness than to
micro cutting.. When micro cutting, the optimisation of tool geometry improves the surface
quality.. Former characteristic of the cutting edge used the symbol r is now not sufficient. In
the paper [58] are proposed further characteristic Fig. 1.1]

Fig. 1.1 Characterisation of the cutting edge geometry.
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During the passed years has been achieved the big progress in development of
production processes. And now the present studies demonstrate that there is a change of
technologies integration and control for information technologies in region planning ,
simulation, rapid prototyping including the operators work.
It is the reason why it is necessary to solve the problems go out from the following
requirements:
- miniaturization of the components
- high requirements on products quality
- reduction of tolerances and high production accuracy
- reduction of production costs
- reduction of products weight.
The quantity of removed material during accurate machining processes is very small and
move around micrometers or less. Norio Tanaguchi (1974) introduced in his contribution a
historical survey of cutting processes from the accuracy y view point and completed it by the
accuracies attainable during ultraprecision cutting. These data are completed by the
equipment for checking. (Fig.1.3). The curves introduced in this picture demonstrate, that
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accuracy till 1 nm can be reached both with the tool with defined geometry and with the tool
with non defined geometry.

Classification of machining processes by energy source (Nogawa, 1988).
Such a system then allows you to solve complex high-precision machining both in terms of
tools, machines, manufacturing processes, but also the functional requirements of the finished
product.
High-precision integrated systems based on respecting the following assumptions necessary
for implementation:
a) highly accurate, very solid machine, with no jitter
b) high stiffness between the tool and the workpiece,
c) high resolution over the management of occupational movements
d) thermal stability,
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e) feedback control,
f) very clean working environment,
g) high precision and powerful metrology systems
h) of sub-micron size abrasive grains,
i) dressing of grinding wheels during the introduction of new technology (blasting discs, wire
brush wheels, chemical etching, laser dressing).
Block diagram of such a system is shown in Fig. In this scheme are considered the
characteristics of machined components as well as the assessment of the achieved accuracy
and the possibility of high-precision methods in certain production processes.
1.3 Characteristics and definitions of highly accurate methods of cutting tools with
undefined geometry
The precision manufacturing equipment and machines are many components which together
occupy another, they move to achieve the final accuracy of the product. Each component
contributes to the final product with precision tolerances, which are caused by kinematic and
dynamic effects. In practical terms, interaction plays a crucial role in these effects.

Fig. 3 Block diagram of the high-precision machining (Nogawa, H.. 1988) [Ref.11].

8

1.4 Physical basis of material removal - mechanism of chip creation
In terms of physical nature as a process of cutting plastic deformation, this plays an
important role mainly because it affects the creation of new surface.
An important result of high precision machining methods is a newly created surface
that forms the outer shape of the object and can be described as its "macroscopic" look. This
surface serves both as the interface between the two phases.
In the evaluation of the course is a significant ratio of surface area A of the volume V.
If the ratio A: The small, it is the subject of a large mass, which are used to assess significant
physical and chemical properties of the base material. If this ratio A: In the large, it is a small
object, where in the evaluation of their properties are affected by the surface.
Machine systems applied in high-precision manufacturing can be considered from two
perspectives:
-

Technical, ie in terms of achievable quality
Economic, ie in terms of effort, price and marketability
Currently, there is only one way to solve all the problems of high precision production. It
is necessary to consider the following facts:
Weather conditions limit for stable machining processes,
Predict the impacts of chip quality finished surfaces
Security error minimization of mutual movements and workpiece during the operation.
Weather conditions limit for stable machining processes,
Predict the impacts of chip quality finished surfaces
Security error minimization of mutual movements and workpiece during the operation.

In practice, there are a number of operations, each of which requires certain own
requirements that must be respected in order to achieve a high quality finished surface. There
is an operation taking place continuously in relation to the operations which are discontinuous
and which are such as chip thickness, and they are difficult to reach steady state.
High precision machining methods are used for a variety of finishing materials from
the group of metals, alloys, ceramics, glass or semiconductors. These materials have different
chemical composition, structure, mechanical properties, etc.
In terms of the machining process, it is possible to compare two groups of materials:
materials ductile and brittle materials. Each group is to be expected with certain peculiarities
in their processing.
From this perspective it is possible to process material removal during machining
divided into the following groups [15,16,17]:
Separation of brittle material breach,
Separating ductile material breach.
Metals have a metallic bond, a high symmetry crystal structure (lattice BCC, FCC),
have a high thermal conductivity, low density, no porosity, high purity, high fracture
toughness, high strain to failure and high impact energy.
In contrast, non-metallic materials are characterized by a covalent bond or ionic, as
well as a low symmetry, the plastic deformation inappropriate ductile flanken, low thermal
conductivity, low fracture toughness and low fracture energy.
For the fulfillment of the objectives and application of high-precision technology
should be designed production system, which should ensure compliance with the functional
requirements of a product, but must simultaneously consider various operational constraints.
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Thus prepared proposal production system has a significant impact on productivity,
which returns on investments in share market success.
The cutting process can be simply defined as the process of penetration of the tool into
the material and its separation in the form of chips. Wedge tool consists of two main areas ie
face and flank.During cutting process creates a new surface. During this process, in the
separating material, high voltage, high temperature applications. Decisive is the fact that this
process takes place at high strain rates., High pressures and high temperatures. All
accompanying phenomena acting at both the tool and the workpiece .
Produced chip has a variable shape and size. Chip formation is the result of shear
deformation of the workpiece material in the primary plastic deformation. In this area there is
a large deformation in a relatively short period of time when the whole cutting process is
completed ie fracture separation chips. Therefore, it is possible the newly formed, machined
surface evaluated as surface fracture
Fracture surface can be evaluated using the following criteria: and energy voltage- morphological
Modern tools but they have a great variety of their shapes. A lot of information about
the process from cutting based on practical experience and observation. These are the
following:
a) Different conditions of the type of material to be cut.
b) Different ways of creating and leaving the chips from the cutting area, depending on the
geometrical properties of the instrument.
c) the arrangement of chips on the back side shows that a shear cutting mechanism.
d) Shapes chips varies from smooth, undulating over a splinter, elementary to splinter
segmented (Fig. 5). Other chips are in fragile materials.
The outer part of the chip is course with traces for smooth powerful chips are often
observed periodic cracks in a series of segments. A full description of the shape of particles
must be comprehensive, but for the analysis of stress and strain when cutting is necessary to
omit many details and are preferably considered simple models.
The reasons why it is necessary to solve these problems based on the following
requirements:
Part of downsizing, high quality requiremt, manufacturing tolerances and their accuracy
Reducing production costs of the machining process, it is possible to compare two groups of
materials: materials ductile and brittle materials. Each group is to be expected with certain
peculiarities in their processing.ave a metallic bond, a high symmetry crystal structure (lattice
BCC, FCC), have a high thermal conductivity, low density, no porosity, high purity, high
fracture toughness, high strain to failure and high impact energy.
In contrast, non-metallic materials are characterized by a covalent bond or ionic, as well as a
low symmetry, the plastic deformation inappropriate ductile system, low thermal
conductivity, low fracture toughness and low fracture energy.
Steps in the design of the production system for high-precision machining can be formulated
by parameters, ie productional in common material utilized in engineering. Their properties
have changed the composition and heat treatment.
In recent years, the use of industrial materials such as ceramic materials components
for such parts, which are subject to demanding performance requirements. These are
properties such as high compressive strength, hardness, chemical resistance, abrasion
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resistance and stability at high temperatures. Therefore, technical ceramics finds application
in all industrial sectors.
1.5. The effect of material properties on cutting process
Glass is an inorganic material supercooling of the liquid state without crystallization.
Glass viscosity changes very drastically over transit temperature. At temperatures above this
temperature, the glass may behave plastically viscous, ie. voltage is proportional to the rate of
deformation, rather than deformation. Transit glass temperature is not high.
The most commonly used semiconductor materials are silicon (Si) and germanium
(Ge).
For electronic applications must be Si and Ge of high purity and must be melted in a
neutral atmosphere.
1.6 Course load instruments, and changes in the surface layer
The basic problem of high precision machining methods in the number of failures in
the surface layer, reflected cracks.
The main consequence of a small chip size is that normally ductile metal during
machining tool with defined geometry behaves somewhat like brittle (like glass) when
deformed volume is limited to a small size [22].
Another consequence of the small size particles is that the chip formation process is
moved from a concentrated shear in micro-extrusion. When the undeformed chip thickness is
smaller than the radius of the knife blade or grinding grain is very true rake angle is negative,
so that instead of shear deformation occurs micro extrusion material.
However,
a
relatively large volume of material is brought to a fully plastic state, so that a relatively small
amount of material left in the form of chips. This is the reason why the specific energy
increases exponentially with decreasing the undeformed chip thickness.
1.7 Requirements for cutting materials
When downsized dimensions of the parts may not be normal manufacturing equipment
is appropriate and necessary to develop special tools. Meanwhile the area of metrology tools
and did not record a lot of attention manufacturers.
In terms of technology, micro machining is necessary to pay due attention to the
production. Also, the sequence of operations must be carefully considered, so that they can
predict possible problems, especially when they combine different technological processes.
technology, and there are alternatives for the use of those technologies that are characterized
by low material removal.
Another key element of the strategy machining technology is a tool and tool material.
Both of these elements were a great progress and today allow cutting tools to work with high
cutting speeds, feed rates or even higher.
They are therefore advantageously applied coatings of cutting tools. Design Micro products
must take into account their workability and possibilities of production technologies. Microproduction can also mean a limitation of some existing production technologies, and there are
alternatives for the use of those technologies that are characterized by low material removal.
Another key element of the strategy machining technology is a tool and tool material.
Both of these elements were a great progress and today allow cutting tools to work with high
cutting speeds, feed rates or even higher.
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Also the workpiece materials are subject to further research, especially in terms of
achieving better surface quality
For higher cutting performance and to increase productivity and offer thection of
unproductive material combines high hardness with good toughness and chemical
stability.For this are the best suited sintered carbides. However, there is a material that meets
these three requirements simultaneously. They are therefore advantageously applied coatings
of cutting tools.
An important stage in its production tools. Quality of coated tools is influenced by
many factors. It is the quality of the substrate, making the substrate material, coating method.
The cemented carbide is an important stage in the creation of cutting tool geometry. Grinding
are influenced by the characteristics of the surface layer, especially residual stresses. Thermal
and mechanical effects of grinding affect the texture and integrity of the underlying material.
One can expect that the coming years will lead coating of tools to further improve the cutting
tools. Particular attention must be paid but the blade geometry, which is dependent on the
thickness of the coating.
Modern design tools should be based on special geometry for every application,
especially in those processes, cutting tools which are used with a defined geometry of the
blade. Geometry tools has changed only in small ranges. This is because the geometry
optimization tool is oriented to the rigidity of the tool that allows you to remove large sections
of chips.
1.8 Requirements for instruments
For micro and nano cutting is necessary to pay attention to the blade geometry tools.
By optimizing the geometry of the blade improves surface quality, shape subscribed chips and
also reduce cutting forces. Earlier characteristic blade "(cutting edge radius)" symbol rb used,
but this characteristic is not sufficient. In [58] proposes further parameters:
Drue value describes the shape of the chamfer dimension. J expresses angle shift point which
separates the chips towards the front or the back of the tool .. The parameters Sa and Sg given
sharpness or curvature of the blade curves toward the front or back of the instrument. All
these parameters can be measured. When measuring the cutting plate is stored in prismatic
base and chamfers touch is sensed by the meter.
These parameters allow you to better characterize the geometry of the blade, which is
necessary to ensure efficient cutting process at the micro and nano cutting.
1.9 Achievable accuracy and surface integrity
Final results of high-precision part finishing processes can be measured by the
achievable quality and integrity of the resulting surface.
These requirements vary with different technological applications. Eg. requirements on the
shape and roughness can be important for optical devices, while at the semiconductor surface
roughness requirements can be achieved easily. Significant but flatness requirement and the
requirement that the surface layer has been no disturbances.
It is known that the geometric changes in the workpiece not only those that affect
surface. Machining processes produce various changes in machined components (and thus
change the properties of the surface layer), which differ from those of the base material. A
new concept which takes into account all those factors, the surface integrity. Significance
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coating properties arises when the workpiece is working under high stress conditions, at high
temperatures or in corrosive environments.
When he realizes the functional area - whether conventional or unconventional methods, it is
necessary to keep in mind that these processes include:
Elastic deformation,
- Plastic deformation,
- Overlaping,
- Microcracks,
- Interlayer defects
- and other changes, depending on the type of material to be machined.

1.10 Use knowledge of high precision machining for solving production problems
These options can be seen in the field of engineering nanotechnology. Materials that
are used in fields where distinctiveness in nanometers is an important element in production
and inspection equipment - must be worked in manufacturing systems, which allow for this
distinction.
Operation of modern components and equipment for the automotive, aerospace and
space depends on a higher geometrical accuracy, the nano-and microstructure of the surface
functional areas, such as spindle machines or mirrored surfaces of lenses and mirrors in
optical systems. It all leads to the fact that technology and metrology must still be developed
and refined in order to ensure the full advancement of engineering nanotechnology.
Great influence on the processes of high-precision machining and the machining
system stability. It is generally accepted view that high stiffness machining system is a
necessary condition for the successful implementation and operation. An important role is
also played tooling and clamps. The stiffness of the system is defined by the ratio between the
force and deformation induced by this force. Large deformations due to high cutting forces,
due to the small mean stiffness degradation of precision machined surfaces and practically
mean increasing the number of passes to achieve the required dimensions, tolerances and
roughness.
Conclusion
In processed substrates are analyzed various aspects of the assessment of highprecision finishing processes. The security requirements in terms of high quality is possible to
apply these technologies as single cutting edge tool with defined geometry, usually manned
plate of polycrystalline diamond or cubic boron nitride, or as a finishing abrasive methods.
Abrasive finishing method using grinding wheels or loose abrasives. This group includes
lapping, polishing or finishing some unconventional methods that use chemical or
electrochemical technology.
Were also assessed machine, work piece and tool materials which can achieve high
quality functional surface machining components with minimal deformation surface layer
with no disturbances. With these considerations it is to be assumed that the process of highprecision machining system, which consists of many subsystems that must be considered and
respected. It is necessary to take into account also the fact that the high quality of functional
surfaces without defects must be assessed and in economic terms.
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