
euspen’s 19th International Conference & 
Exhibition, Bilbao, ES, June 2019 

www.euspen.eu

Structured CVD coated diamond abrasive tools 

K. Dröder1, H.-W. Hoffmeister1, T. Tounsi1 

1Institute of Machine Tools and Production Technology, Technische Universität Braunschweig, Germany 

t.tounsi@tu-braunschweig.de

Abstract 
Micro abrasive tools are used in many industry branches to produce precise micro parts. There are numerous applications in the field 
of automotive, medical, sensor and measuring technology as well as optics, in which microstructures have to be produced reliably 
and at low costs. These microstructures are getting smaller and smaller while the requirements for the machined surface quality 
increase. These parts are usually made of hard and brittle materials such as silicon, ceramic, glass or cemented carbide. Machining 
these materials requires diamond tools. CVD coated diamond abrasive tools can be used to machine workpieces with high surface 
qualities. But, small chip space between the diamond crystals leads to increasing grinding force and causes deflection of the tool 
shaft and clogging of the abrasive layer, which often ends in tool breakage. 
In this paper a completely new tool concept based on CVD coated diamond abrasive tools is shown. To address the mentioned 
problems, the tool bodies are structured before being coated with the abrasive layer. Therefore, additional space is created to remove 
chips and to bring cooling lubricant directly to the cutting area. These novel tools allow higher material removal rates while 
maintaining required surface qualities. The stiffness of the tool body is slightly reduced due to the structuring. But, this has no 
negative effects because the process forces are reduced with better supplied cooling lubricant and also with chip-free abrasive layers. 
All these optimizations will help to increase tool performance and process stability. 
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1. Introduction

At the present time technical components are getting smaller 
and smaller. At the same time, the number of functions that 
each component has to fulfill increases continuously. This results 
in parts that have many small features and structures that need 
to be machined with small tools. These parts are made of hard 
and brittle materials, so machining these parts requires micro 
diamond abrasive tools. The smallest acquirable abrasive tools 
with bonded cutting grains have a cutting diameter of 0.18 mm. 
With even smaller diameters, the structure of the abrasive tool 
changes into diamond grains coated galvanically to the tool body 
in one single layer. Compared to conventional abrasive tools, 
these so called electroplated abrasive tools reach high material 
removal rates due to large chip spaces between individual 
diamond grains. Due to the fact that all diamond grains are 
randomly applied to the tool body during the manufacturing 
process, the radius of the active cutting edge of each diamond 
grain is different. This results in rougher workpiece surfaces 
compared to conventional abrasive tools with comparable 
diamond grain diameter in vitrified bonding [1]. 

CVD coated diamond abrasive tools are an alternative 
approach to get diamond abrasive tools. The main advantage of 
these tools is the even growth of diamond on the tool body’s 
surface. The diamond crystals form a closed layer with many 
sharp cutting edges. This results in workpiece surfaces with 
lower surface roughness compared to electroplated abrasive 
tools [2]. In addition, the density of active cutting edges is much 
higher. But this results in smaller chip spaces between the 
diamond crystals and thus to a reduced material removal rate. 
This leads to the approach to increase space for chip removal. 

In order to increase the chip space, Tawakoli et al. uses a laser 
to structure cBN grinding wheels [3]. In the abrasive layer small 
evenly distributed holes are produced. This results in a reduction 
of grinding forces of almost 50 %. In addition, clogging is 

reduced, the supply of cooling lubricant is improved and the 
material removal rate is increased. These results were also 
confirmed with diamond grinding wheels [4,5]. The main 
disadvantage is the increased surface roughness of the 
workpiece. Guo et al. justify this behavior with the formation of 
burrs on top of the diamond grains after laser structuring. 

Many other studies have also improved tool performance. 
However, these always refer to relatively large grinding wheels. 
In the field of micromachining, grinding tools with diameters of 
less than 1 mm are often used, so that new structuring methods 
have to be developed for this purpose. 

In this work, the advantages of structured grinding wheels are 
transferred to CVD coated diamond abrasive tools with 
diameters down to 0.2 mm. These micro structures will increase 
the material removal rate of these tools and they will also 
improve supply of cooling lubricant in the cutting area. In 
summary, the main goal of this work is to achieve better 
machining performance of CVD coated diamond abrasive tools 
with the help of micro structures. 

2. Machine setup for the structuring process

In this work, the tool body is mechanically structured before 
passing the later CVD coating process. In comparison to 
laser-structuring the coating, this ensures undamaged and sharp 
cutting edges. The tool bodies are made of tungsten carbide. 
After the basic shape of the tool body has been produced, these 
bodies are structured with a v-shaped metal bond diamond 
micro-grinding wheel (Fig. 1). 

The tool bodies are clamped in a collet chuck on a jig. With this 
jig, both the position in x-y-plane and the rotation about the axes 
a and b can be precisely adjusted. These adjustements allow to 
compensate tilt and run-out errors and thus it is possible to 
position the tool bodies exactly in the center of the c-axis within 
a tolerance of less than 2 µm. The later abrasive tool would then 



have non-constant cutting properties. In addition, high spindle 
speeds would cause critical imbalances. 

Figure 1. Setup of structuring process on a 5-axis precision machine tool 

An acoustic emission sensor is used to detect the contact 
between grinding wheel and tool body. This detection allows a 
precise setting of the cutting depth. 

With this setup, v-shaped grooves are ground into the 
cylindrical surface of the tool body. These grooves are machined 
with synchronized movement of the translational Z-axis and the 
rotational C-axis. This setup allows the variation of the groove 
profile by adjusting the depth of cut of the micro-grinding wheel 
or by changing the profile of the micro-grinding wheel itself 
(Fig. 2). Further variations include the angle of the spiral grooves 
and the number of grooves distributed around the 
circumference of the tool body. 

Figure 2. Parameters for structured tool bodies. 

3. Structured tool bodies and first results

With the machine setup shown, v-shaped grooves have been 
successfully machined in a set of tool bodies with diameters 
from 1.5 mm down to 0.2 mm. Figure 3 shows tool bodies with 
the smallest diameter. It is possible to adapt the profile of the 
structures to design a tool specifically for individual 
requirements. The depth of the grooves causes weakening of 
the tool body. The profile angle determines whether there is 
more space for chip removal and cooling lubricant supply or 
more outer surface to get more active cutting diamond crystals. 

The cutting speed of the grinding wheel was set to 55 m·s-1 at 
a feed speed of 60 mm·min-1. With a maximal cutting depth of 
10 µm the duration of structuring a tool is less than 40 seconds. 

For first experiments, the design of the grooves was chosen so 
that chips can be safely removed at high material removal rates 
and at the same time cooling lubricant can be supplied to the 
contact zone. The tip of the v-shaped profile of the grinding 
wheel has a radius of 4 µm. Wear of the tip is not yet detectable, 
which shows a stable structuring process. The subsequent 
coating process shows that the v-profile is well suited for crystal 
growth and layer adhesion during CVD coating processes. 

Due to the precise adjustment with the jig, depth and width of 
the grooves are constant throughout the entire tool body. 

Figure 3. Various magnifications of a structured tool body with a 
diameter of 0.5 mm (top) and 0.2 mm (bottom) 

In initial experimental investigations workpieces made of 
quartz glass were processed. It could be shown that the surface 
roughness is nearly identical for both the unstructured and the 
structured CVD diamond tools. In addition, overall surface 
roughness is a factor of 2.5 less compared to electroplated 
abrasive tools (D15). These initial studies also showed a higher 
material removal rate for structured tools. 

4. Summary and outlook

This work presents a concept that is suitable to manufacture 
structured CVD coated diamond abrasive tools with a diameter 
from 1.5 mm down to 0.2 mm. These structures increase space 
for chip removal and cooling lubricant supply in the abrasive 
layer and thus allow higher material removal rate. It is also 
possible to easily adjust the geometry of the structures to design 
a tool as needed.  

Further work deals with machining other materials like 
hardened steel and zirconia. In addition, the absolute limits of 
chip removal rates of the new tools as well as the influence of 
groove design on cutting behaviour will be shown. 
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