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OVERVIEW OF METHODS OF CUTTING
EDGE PREPARATION
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Abstract: The article deals with various conventional methods used for edge
preparation of monolithic solid carbide tools or cutting inserts. Among the most used
mechanical methods for modifying cutting edge microgeometry belong the following
mechanical processes: drag finishing, micro-grinding, microblasting, brushing and
magnetic polishing. Thermal methods of edge preparation are also described: laser
machining and electrolytic abrasive edge honing. Advantages and drawbacks of each
method are described, as well as parameters influencing the outcome of the process.
Choosing the right method of cutting edge preparation along with its proper
parameters is vital for achieving desired microgeometry and surface quality of the
cutting tool, which results in increasing the tool life.
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1. Introduction

Tool geometry can be considered from different scales, there is macro-geometry
that describes general dimensions of the tool, cutting angles, chip breakers etc., with
the order of magnitude higher than 100 pm.

Then there is meso-geometry that deals with cutting edge radius with the order
of magnitude ranging from 1 to 100 um. The smallest order of magnitude below 1 pm
is described as tool’s micro-geometry. [1]

The meso- and micro-geometries of the tools have not been thoroughly
investigated by the tool manufacturers, mostly due to inaccurate edge preparation
methods that do not allow for desired repeatability of the process.

In the following article, currently available methods of mechanical and thermal
cutting edge preparation are described. They are categorized according to the various
sources of energy that are used to remove material from the cutting edge. [2, 3]

2. Mechanical edge preparation processes
Methods of edge preparation that belong in this category use various mechanical

means to achieve desired edge radius shape. In figure 1 there are schemes of all the
methods described in the article. [4]
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Fig. 1. Mechanical preparation processes [5]

2.1 Drag Finishing

This method is usually used for deburring and edge rounding of workpieces, but it has
been successfully adapted also for microgeometry modification of carbide tools or
inserts.

It is considered as a mass finishing technology, because it can be used for
multiple tools at once.

The tools are moving in a container with granulate. The movement consists of

both translation and rotation. Most modern drag finishing machines are built on a
principle of planetary gears. [6]
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Parameters of the process are following:
e Process media material and size

Feed rate

Spindle rotation speed

Time

Tool immersion depth [7]

Modifying tool microgeometry using drag finishing has useful advantages, such
as short process cycle and relatively low operating costs. Desired results can be
accurately controlled by changing the process parameters.

However, carrying out the process without verified parameters can result in over-
finishing of the tool surface, which can cause significant erosion of the surface. This
has negative effect on both tool wear and coating adhesion. [8]
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Fig. 2. Scheme of the rotary turntable and satellite stations [8]

Another disadvantage is uneven rounding along the cutting edges, as well as different
radius of the cutting edge on the helix and face teeth that can be caused by spindle
rotation speed being too high. This has been verified by the experiment results of which
are displayed in the figure 3. [9]
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Fig. 3. Differences of cutting edge radius size between the face and helix teeth [10]

2.1.1 Abrasives for drag finishing

There are two main groups of finishing media that can be used in the process — ones
intended for wet finishing and those for dry finishing. Final surface quality and edge
roundness depends on the usage of correct finishing media for the process. Type of the
media is chosen based on both the machine used for drag finishing as well as the
workpiece type and material. [Gabriel]

For wet finishing, there is water or compound mixed into the solid media. Its
purpose is to absorb and carry away particles of excess material removed from the
workpiece as well as the small fragments that got chipped off from the finishing media.
Use of wet finishing is important for operations with certain sort of workpieces to
prevent clogging of the media and maintaining efficiency of the finishing process. [11]

Following types of media materials are used for wet finishing:

e Plastic grinding chips - high surface quality, prevent hardening or damage of
finished surface, used for precious and soft metals,

e Ceramic particles — high density and hardness, used for steel alloys,

e Stainless steel strips — for smoothing and compacting of the finished surface of
soft materials,

e Zirconium balls - for smoothing and compacting of the finished surface of hard
materials,

e Microfinishing sintered ceramics — for very hard materials.[11]

Main use of dry finishing process is for surface polishing. Polishing paste or
powder adherent to the finishing medium can be used. Movement of the workpieces in
the abrasive creates friction that causes material removal and achieving high surface
quality.
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Following types of media materials are used for dry finishing:
e Walnut shell granulate — used for hard materials such as titanium and steel alloys
e Polyethane + Silicon carbide granulate — self sharpening, used for edge rounding
of cutting tools
e Plastic chips — dust free operations, used for hollow workpieces,
e Corn granulate — used for fine surface polishing. [11]

Correct type and size of the abrasive media used for drag finishing cutting tools is
crucial, because it is one of the key factors influencing the size of achievable cutting
edge radius, as well as the process time needed to achieve desired cutting edge radius.
[12]
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Fig. 4. Drag finishing in a granulate [11]

2.2 Layout of Manuscript (14 pt, italic)

Modifying the cutting edge by means of grinding the rake face, edge radii lower than
<5 pum can be achieved. This technology can also be used to achieve specific shape
of the cutting edge consisting of multiple chamfers while removing larger volume of
the excess material from the cutting edge.

Another advantage of this method is that uniform edge shape can be obtained on
the insert perimeter. While for other methods of edge preparation the parameters of the
process influence the size of the edge radius, for grinding the edge radius is fixed and
changing the process parameters influences only the quality of the end result, not the
edge radius size or shape. Therefore the process is more flexible and requires less time
to attain the desired cutting edge size and shape. [13]
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Fig. 5. Customized cutting edge preparation by means of grinding [14]

2.3 Microblasting
Process of micro-blasting can be divided into two categories — dry and wet
microblasting.

2.3.1 Dry microblasting

While dry microblasting is primarily used for modifying of coated surfaces of solid
carbide [15], wet microblasting has been successfully applied for the modification of
tool microgeometry and surface quality [16]. While wet microblasting process seems
like it lacks secure reproductibility, thanks to the number of parameters that can be
modified it is one of the methods of edge preparation that offers the most advantages,
as it can be precisely controlled.

Parameters:
e Orientation
Blasting speed
Fluidity
Focusing
Pressure
Nozzle diameter
Blasting method (combination of rotation speed and modulation speed).

Nozzle diameter and blasting pressure are the most important ones since they are
correlated, and need to be tweaked in order to achieve linear blasting jet. [17]
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2.3.2 Wet microblasting
Use of water combined with abrasive suspension offers some important advantages
when modifying cutting edges compared to dry blasting processes. Presence of water
in the process results in a damping effect, which results in low surface roughness of
affected surface. It also helps with accumulation of residual powder on the surface of
the tool. [18,19].

Another advantage that water brings to the process is that due to its conductivity,
it can help with reducing or even avoiding thermal damage of the workpiece. [20]
However, the process is complex, because of the number of variables that affect the
outcome of the edge preparation.

Parameters:
e Abrasive media
Jet mass concentration
Jet pressure
Nozzle outlet diameter
Jet distribution intensity
Jet expansion angle
Relative jet inclination angle
Jet nozzle distance
Jet feed speed [21]

Jet nozzle N

Fig. 6. Water jet machining scheme with selected parameters [21]
Wet sandblasting has also positive impact on the surface quality, resulting in better

adhesion of coating on the tool surface which in turn reduces tool wear and increases
tool life. [22]
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Fig. 7. Water jet machining scheme with selected parameters [21]

2.4 Brushing
Process of brushing the tool cutting edge can be carried out by two means — either
nylon abrasive filaments (NAF) or steel wire. NAF removes only small volume of the
material, so its main effect is achieving good surface quality and deburring. Abrasive
media used for this method are silicon carbide and aluminum oxide. Cubic boron
nitride or polycrystalline diamond can be used as well. Following are the process
parameters:

e Dbrushing time,

e Drushing angle,

e cutting speed,

e penetration depth.

Increasing these parameters leads to a higher edge radius. [24]
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Fig. 8. Principle of brushing with nylon abrasive filaments [5]
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2.5 Magnetic polishing

Main purpose of the magnetic polishing process is for deburring and polishing small
metal parts, and it has been used for edge preparation of high speed steel tools as well.
It can offer some benefits compared to other methods.

Setting up the process is simple, and the machines are relatively cheap. It can be
automated to some extent, reducing the time needed for human interaction with the
process, and machines usually do not require much power. It is also suitable for use on
parts with complicated shapes. [25]

The method has following parameters that need to be tweaked to achieve desired
outcome when preparing the cutting edge:
e Polishing material type,
e shot size,
e magnet rotation speed,
e polishing time.

These parameters are also depend on the type and configuration of the machine used.
[26]

/Cumng edge

X58 SB88xm

Fig. 9. Cutting edge before (a) and after (b) magnetic polishing [25]
3. Thermal edge preparation processes

Methods of edge preparation in this category use various thermal sources of energy to
achieve desired edge radius shape.
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Fig. 10. Cutting edge before (a) and after (b) magnetic polishing [25]

3.1 Laser
Laser machining of the cutting edges is viable and possibly cheaper alternative to
mechanical cutting edge preparation. It is even possible to achieve better results than
with conventional technologies, depending on the type of laser and process parameters.
Use of standard marking lasers can be cheaper than use of more expensive high
frequency pulse solid state lasers, without significant decrease of cutting edge quality.
One of the important features of the laser beam for cutting edge preparation is
Gaussian distribution of the beam’s spot diameter, so that there is a transition area
between the surface that has been modified by the laser beam and the unaffected area.
[27]

Parameters of the laser machining are following:
e Pulse frequency
e Number of ablation layers
e Scanning speed
e Scan overlap factor [28]
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3.2 Electro-erosion

Modification of cutting edges using electro erosive method is viable for both high
speed steel and solid carbide tools, since both materials are conductive. Due to
requirement of conductivity of the material, it is not possible to use this method for tool
materials such as ceramics or PCBN. However, for the conductive tool materials, use
of this process has advantages compared to mechanical edge preparation methods, as
it removes the oxides from the surface layer of the tool, making it more suitable for
coating. [29]

Parameters of the process are following:
voltage,

discharge current,

pulse duration,

pulse interval time [30]

4. Conclusion

Various mechanical and thermal methods of edge preparation were reviewed and
summarized in the article, along with an overview of their properties and parameters.
Purpose of the article was to describe the processes of edge preparation in order to
familiarize the reader with them, as well as highlight the importance of cutting edge
microgeometry of milling tools, and how they influence tool wear.

Modifying the cutting edge shape can have positive impact not only on the tool
life, but also on many other aspects of milling process, such as cutting forces, generated
heat and workpiece material surface quality. In extension to these advantages, it can
help keeping the machining more economical.

Therefore it can be assumed that the knowledge about the methods of cutting
edge preparation is important not just from a technological standpoint, but an economic
one as well. Increasing productivity is an ever present goal for every company, and it
applies even more so for the tool manufacturers and affiliated fields.
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