White paper

Finishing processes for cutting tool inserts
to produce high quality durable tools




Introduction

The increasing performance demands on machine tools and rising
market competition has driven a need for a greater understanding
of the manufacturing processes. To produce a high quality and
successful cutting tool four elements must be considered. Until
recently most consideration has been given to the substrate,
geometry and coating processes with a large understanding and
several established technologies available. The fourth element, edge
preparation, has only recently attracted a wider interest. To ensure

a stable performance of the cutting tool it is important to achieve

a homogeneous rounding along the major and minor cutting

edge and corners. With a range of techniques emerging for edge
preparation this is still regarded as one of the more “mysterious”
stages of production and has led to much research and development
to achieve greater accuracy and control in edge preparation. This
white paper looks to explain the need for edge preparation and to
evaluate the benefits of the micro-wet blasting process; presenting

it as one of the more controllable processes available.
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Figure 1. The four elements that define tool performance

Why edge preparation is needed

Edge preparation is the process of rounding or radiusing the cutting
edge of a tool. In radiusing a cutting edge to form a bigger area

the likelihood of the tool chipping is reduced and coating adhesion
increased, with the combination of these factors ultimately leading
to a longer tool life.

Through radiusing the cutting edge it has a more stable form that

can offer increased performance by up to 500% (Influence of Edge
Preparation on the Performance of Coated Cutting Tools. Platit (2007).
International Conference on Metallurgical Coatings and Thin Films.).
There is also a need to improve the surface finish of the tools through
cleaning as this will provide a better substrate on which to coat.

By using edge preparation to improve surface Ra coated tools will

be more uniform, allowing for more homogenous wear that, again,
increases the stability of the cut and reduces the risk of chipping

and flaking.

Without edge preparation, the efficiency of the manufacturing
operation is reduced by increased downtime and higher rates of waste
as tools must be replaced more frequently. With sharper ‘unprepared’
tools manufacturers may see quicker cuts but without any edge
preparation the stress concentration at the edge is found to be

a large cause of chipping [1]. Similarly, a sharper cutting edge makes
for poor heat dissipation and, with temperatures reaching upwards

of 1000 deg ¢, can be another cause of tool failure. Studies have
shown that a radiused tool will allow heat to spread throughout the
tool, reducing stresses [2].

However, given the range of tool substrates, cutting applications

and types of tools there is no “one size fits all” approach to edge
preparation making the controllability of this process an important
requirement for anybody looking to improve tool life as different tools
will need different radii.

The benefits of Wet Blasting

The use of micro blasting for edge preparation has been around for

a long time with it having been proven to be one of the more effective
methods for edge preparation [3]. The ability to offer controlled

edge radiusing to within +/-5 micron (up to 100 microns) tolerance of
specification coupled with HF1 surfaces makes the micro wet blasting
process a preferred solution for many manufacturers. The wet process
combines compressed air, abrasive media and water in a slurry form
to create a mechanical action that gives an abrasive effect.

By using wet blasting to remove and round the top layers of the
surface the process can be implemented to reduce high peaks found
after grinding or sintering. In reducing the surface roughness and
removing particles of cobalt there is a lower mean between peaks,
which has the benefit of improving coating adhesion [4]. Wet blasting
also offers a much more consistent finish with the lubricating effect
of the water creating a flow of slurry that ensures an even and uniform
surface. This is unlike other micro-blasting processes where a heavier
impact and lack of flow create unpredictable results with an increased
chance of chipping and uncontrollable wear.

The use of water creates a lubricating effect, which increases the flow
of particles across the surface being treated. Unlike dry blasting, the
liquid cushion also protects delicate surfaces and prevents media
particles being left in the substrate. Consequentially, wet blasting
results in surfaces that are clean to a HF1 level. To further improve this
the water can be heated with mild detergent and antioxidants added
to ensure an even more thorough action that will reduce the risk of
cobalt leaching.

Controlled wet micro blasting can also offer great benefit post coating.
With the correct media selection wet micro blasting systems can

offer a peening action. Given the nature of the coating process, and
the temperatures involved, several tensile stresses can be eliminated
and replaced by compressive stresses distributed evenly across the
coating and substrate. A peened coating can make flaking or adhesion
failure less likely whilst also providing a polishing effect to remove
droplets found after CVD coating.
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Figure 2. Cross section of the wet blast gun.




The most advanced wet micro blasting systems use powerful software
programs to control and monitor precise flows of liquid, gas and solids,
which are mixed then accelerated through focused blasting nozzles.
Changing the air and slurry pressures, blast media, slurry concentration,
number and angle of attack and distance of the blasting nozzles allows
for a range of processing effects to be achieved which can be utilised
to give a range of cutting forms including specific K-Factors to produce
‘waterfall’ or trumpet” hones. Additionally, media concentration, process
temperature, additive and blast pressures can be carefully controlled to
provide an extremely consistent surface finish that can be reproduced
time after time.

The leading systems for wet micro blasting currently control up to

15 variables which allows users to increase the predictability of tool
performance. The extent of their controllability is pushing boundaries in
terms of edge preparation as it becomes easier to achieve and therefore
experiment with new and different edge hones and forms.

The importance of blast media for
effective insert wet blasting

Shape, size, hardness, and density are all important considerations when
specifying abrasives:

Shape
Failing to get the correct abrasive can lead to wide tolerances, slow

processes, and poor-quality tools.

One of the first considerations when selecting abrasive is the shape that
will be used.

The shape of the abrasive will determine the action on the surface.
For example, in carbide inserts, this is primarily an angular particle for
cutting and honing.

Spherical or circular particles can also be used to give a smoother finish
and apply compressive stresses to the surfaces through peening.

Size
Determining the size of abrasive can be complicated as there are many
ways and dimensions that can be used to do this.

Wet blasting can use particle sizes from 36mesh ( 500pm) to as small
as 1000 mesh (5pm) with coarser, bigger, particles being preferred for
quicker edge honing and finer, smaller, particles specified for pre and
post-treatments.
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It is becoming best practice not to mix sizes of abrasive such as
180/220 or 220/240. Manufacturers are opting to stick with a single
size because of the impact this can have on the overall consistency
of the process.

Hardness

A less important specification of blasting abrasive for inserts is the
hardness of the material. This is because most users will default
to using corundum or aluminium oxide.

Both technically and commercially, corundum gives excellent
balance between its ability to change an inserts surface, durability,
and overall cost.

Where hardness can matter is when users are looking to increase the
intensity of the process, or better understand how it will behave and
breakdown when being used within a blasting process.

Density

The final consideration when specifying abrasive is density.

Density can unlock competitive advantage and is critically important
in understanding the impact it has on the consistency of processing.

Density is expressed as kg per m3 and the more dense an abrasive,
the more intense the blasting process can become.

Blasting intensity is of particular interest for users looking at the
effect of compressive stresses on a coated tool as a result of peening.
However, in trying to achieve this, it can bring its own challenges.

The denser an abrasive is, the more care must be taken with how

it is mixed, delivered and then removed from the wet blasting system.

It is not uncommon for recipes with dense medias to suffer with poor
results because of the abrasive not mixing consistently within the water.

To best manage this issue, it is important to have a very clear
understanding on the settling and flow rates of different particles
with some settling 50% faster than others.

In summary, wet blasting offers exceptionally high quality results
that are increasingly being recognised globally by many tool
manufacturers. And with the ability to offer controlled and repeatable
results wet blasting not only improves tool quality and life but is also
kinder to the environment with less consumables needed and

no harmful chemicals.
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