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Diamond Integrated Pulsed Laser Abla on Technologies

WELCOME TO THE FIFTH DIPLAT NEWSLETTER – WITH A FOCUS ON THE PROTOTYPING AND
BENCHMARKING OF MICRO-TOOLS AND DIPLAT PARTNER: DIAMOUTILS

DIPLAT is a 42 month research project funded by the
European Commission under the FP7 Programme to
inves gate and demonstrate: "Enabling advanced
func onali es of Diamond and other ultra-hard materials
by Integrated Pulsed Laser Abla on Technologies"

DIAMOUTILS- DIAMOND AND CBN TOOLS
Based in Annecy, DIAMOUTILS's main role in the DIPLAT
consor um is to deﬁne end-users requirements in micro
cu ng tools, such as diﬀerent types of drills and mills,
produce the tools with conven onal processes and to
benchmark them in an industrial environment
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About Diamoutils
Established in 1920 and serving the
grinding manufacturing industry at ﬁrst,
DIAMOUTILS have made inroads into
polycrystalline diamond tools (PCD) and
cubical boron nitride (CBN) cutting tools
at the start of the 1970s to satisfy the
manufacturing industry's insatiable
appetite for high performance cutting
tools to machine hard steels and exotic
alloys. Diamoutils developed tooling
solely for the automotive industry, but by
1975, had diversiﬁed into developing
solutions for civil and military aerospace
applications as well as for the space
industry.
Nowadays, Diamoutils specializes in precision
diamond tooling such as:
Ÿ Milling cutters and step PCD tools, PCD reamer
Ÿ High performance PCD vein technologies
Ÿ Full nib PCD helical drill (also with 3 lips)
Ÿ PCD countersink integral or removal pilot
Ÿ Combinated PCD drill and countersink
Ÿ PCD- CBN tipped or fullface inserts
Ÿ Natural diamond, CVD, MMN tools for
superﬁnishing
Ÿ Diamond electroplated router and countersink
tools
Ÿ Elecroplated continuous disc
Ÿ Diamond router
Laser ablation
Innovation is what made and still makes Diamoutils' success. Laser technology is the future in the tool
manufacturing industry. The geometrical capabilities of 3D laser ablation are nowhere comparable with what
conventional processes can achieve: pulsed laser ablation (PLA) has enabled the manufacturing of
geometries and features that are beyond expectations. PLA enables the manufacturing of new tools with
innovative geometries, providing a wider scope of possibilities for the machining of demanding materials.
Better cutting edges and surface quality, optimized shapes and features will result in improved workpiece
characteristics.
Diamoutils and DIPLAT
As a Tier Two supplier for all major aerospace Original Equipment Manufacturers (OEM), Diamoutils brings
to the DIPLAT consortium not only an expertise in tool manufacturing and cutting processes but also the
warranty to have a considerable impact on future developments in machining processes. Based on
established needs submitted by the OEM's, Diamoutils is responsible for testing the pre-deﬁned laser
produced generic tools on various materials and compare the results from PLA produced tools and
conventionaly produced tools. Torsion, tension and bending moments during the cutting processes in semiindustrial and industrial environments will be analysed to validate or re-deﬁne tool geometries and features.
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Designing, prototyping, manufacturing
In order to design tools with an optimized utility for customers, Diamoutils met a panel of end-users to
determine together the current needs and the requirements for tools in a close future. From these discussions
an application ﬁeld of particular interest for the use of PLA process was identiﬁed, namely the production of
micro PCD tools. Conventional fabrication processes come to their limits with the size of the tool getting
smaller, while PLA being a force free process is particularly able to machining small tools.
During the DIPLAT project, efforts will be focused on tools for two operations: drilling and milling.
End-users requirements
A need for micro tools with a diameter smaller than Ø2
mm and down to Ø0.8 mm could be identiﬁed,
therefore drills with a diameter of Ø1.78 mm were
designed and will be produced and tested. Three
different tool geometries were deﬁned in order to be
able to test the tools in a wide range of materials. A
milling tool with a diameter of Ø2.5 mm was designed

DIPLAT micro tools. From left to right: Standard drill, CI drill, CIP drill
(Ø1.78) and Mill Z4 (Ø2.5)

Preparation - from blanks to ﬁnished tools
Both the conventional and PLA processes for manufacturing tools start with the same blanks. Cylindrical
blanks of a 4 mm thick PCD layer on a 6 mm thick carbide backing are ﬁrst prepared, brazed onto a tool shaft
and set to the Ø1.8 mm nominal diameter for drills, and to Ø2.6 mm nominal diameter for mills.
From that point on, the semi-ﬁnished products will undergo very different processes in order to get the
deﬁnitive shape.
The conventional production method consists of a combination of electro-discharge machining for roughing
and shaping and a grinding operation for ﬁnishing, while both roughing and ﬁnishing steps are done by PLA for
the laser process. The conventional method provides a sharp cutting edge (radius typically <5 µm for standard
shaped tool) similar to those manufactured by PLA. One of the main objectives in DIPLAT is to reach even
smaller cutting edge radii by using the latter process. The rake and clearance faces, as well as the cutting
edges of tools produced by PLA exhibit a lower roughness than on those produced conventionaly.
Modiﬁcations to the tool geometries have been made in order to get the tools produced by the conventional
and PLA processes as similar as possible. This will ensure signiﬁcant comparative performance tests of the
different tools. Extensive analysis will be made within the DIPLAT project so as to caracterize the tools' wear
and their performance on different workpieces until critical failure. This comparative study will be made on two
materials from the aerospace industry: a CFRP (Carbon Fiber Reinforced Plastics) and a CMC (Ceramic
Matrix Composites).
Applications
Such tools can be used for a wide range of applications and materials, such as:
Ÿ Aerospace industry
- CFRP (especially for tools smaller than Ø 2 mm)
- Ceramics and CFRP composites
- Aluminum, CFRP and Titanium sandwich material
- Aluminum, CFRP and Inconel sandwich material
Ÿ Medical industry
- Reinforced plastics
- Ceramics
- Titanium
Ÿ Electronics
- Printed circuit boards with a high silicon content
Ÿ Watch industry
-Titanium
Drilling into Zirconium Oxide with a PCD drill produced by PLA.
-Ceramics
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Benchmarking
Comparative study
To determine the stregths and weaknesses of PLA-produced tools compared to the conventionally produced
tools, , a benchmarking protocol, comparing data from different tests, was set up. The benchmarking process
starts with a tool-life performance test while machining ultra-abrasive materials such
_
as CFRP and CMC. The
processing forces namely
normal force, bending and
torsion moments are
measured through a wireless
force sensor. This force
sensor can be used to
measure the processing
forces at the end-user's
facility in an industrial
environement. A comparison
of the normal force on the ﬁrst
drilled hole into 2.6 mm thick
CFRP show that laser
Normal force (N) as a function of time (s) while drilling with the DIPLAT standard tool into 2.6 mm thick
produced
tools exhibit a
CFRP (ﬁrst hole). Conventionaly produced tool (blue) and the PLA produced tool (red)
normal force about 60% higher than the one from a conventionaly produced tool (see ﬁgure above). Not only the processing forces are
analyzed but also the appearance and evolution of tool wear. Pictures with a x100 magniﬁcation of the cutting
edge are taken regularly. The
tool wear is clearly visible after
600 drilled holes and the tool is
completely worn out after
about 1000 holes. The
conventional tools still
outperform the PLA produced
tool in drilling CFRP. It is
thought that this is only due to
their slightly sharper cutting
Top view of a PLA produced standard drill. One of the two main cutting edges, chisel edge and
edge. This result is also clearance faces are visible. From left to right: new, after 600 holes and after 1000 holes drilled into the
conﬁrmed by the analyse of the CFRP material.
drilled holes. Pictures with a x200 magniﬁcation of the exit sides of the drilled holes are taken. The asymetry of
the hole, the presence of uncut ﬁbres and the delamination of the composite panels are observed.

Exit sides of drilled holes. From left to right: 1st hole and 1000th hole drilled with PLA tool, 1st hole and 1000th hole drilled with conventional tool. A
few uncut ﬁbres can be observed on the holes drilled by the conventional tool, while the holes drilled with the PLA tool exhibit some ellipticity

This benchmarking process won't be implemented solely on a test-setup, but will also be performed in an
industrial environment, at the end-user's facilities, on several different composite materials . The results from
the benchmarking process will serve an iterative process to improve both the tool geometry and the PLA
process. Further analysis, on a laboratory setup will help understand better the performances and the wear
mechanisms of the tools.
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Benchmarking
For gaining a better understanding of the tool wear, analyses at DIPLAT project partner University of
Nottingham (UNOTT) are conducted. Scanning electron microscopy (SEM) images of the cutting edges are
taken after the tools are worn out (see ﬁgure below). After 300 holes drilled into CMC material the conventional
tool exhibit many micro-fractures along the cutting edge and some consequent wear at the chisel edge while
the PLA tool exhibit very little wear.

SEM images of a PLA tool (left) and a conventional tool (right) after 300 holes drilled into CMC material

The quality of the machined holes are analysed
using a Brucker Interferometer: uncut ﬁbres,
ellipticity and diameter are checked. From these
results, the asymetry of the tool amongst others,
can be assessed and the PLA process improved.
Future of tools
The benchmarking process lies at the center of
the DIPLAT project creating a link between the
end-users, the tool manufacturers, the PLA
process and the PLA machine engineers; all
working together to develop the tool of tomorrow.

Brucker interferometer entrance pictures of the ﬁrst (left) and 300th hole
(right) drilled with PLA standard tool into CMC

2nd DIPLAT Open Meeting
08.12.2015 @ Element Six Ltd.
Didcot, United Kingdom

Save the date
DIPLAT website: http://www.fp7-diplat.eu
Project Coordinator: Maximilian Warhanek
Institute of Machine Tools and Manufacturing
ETH Zurich, PFA H43
Technoparkstrasse 1
8005 Zürich, Schweiz
Phone: +41 44 633 78 40
warhanek@iwf.mavt.ethz.ch
www.iwf.mavt.ethz.ch
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