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Abstract  

Laser pulses with a pulsewidth of a few picoseconds have recently received a lot of attention, solving the problem of 
manufacturing tools for new materials of superior mechanical properties. Processing thermally sensitive material, 
such as diamond and CBN structures, can be done without major material deterioration effects. The breakthrough of 
this new technology becomes possible, if the accuracy and life time requirements of those tools are met. The paper 
shows in three applications the potential of laser manufacturing of cutting tools. Manufacturing of cutting edges for 
CFRP cutting needs sharp and stable cutting edges, which are prepared in PCD tools by laser sources in the 
picosecond pulsewidth regime. Profiling of hybrid bond grinding wheels yields geometric flexibility, which is 
impossible by mechanical treatment so far. Touch dressing of grinding wheels substantially reduces cutting forces.  
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1. Introduction 

The properties of new materials to be processed via cutting has become more sophisticated. Especially 
mechanical properties, like hardness, wear resistivity, etc. pose a problem. Harder workpiece materials 
need harder tool materials while a maximum in shape flexibility is required. In the preparation of dressing 
tools for grinding applications, diamond is used against diamond as workpiece material. The decision, 
where the material removal takes place, on the tool or on the workpiece, is made merely by geometrical 
properties, maybe with support of heat effects. Nonetheless, it is a time consuming process. The same 
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problem arises for the generation processes for geometrically defined cutting edges. PCD tools, for 
instance for cutting of CFRP, are the tool of choice for which sharp cutting edges are required. Because of 
tool accuracy requirements, tedious grinding operations or grinding tool profiling or touch dressing of 
dressing tools are taken into account. Therefore a change in the applied physical process is necessary, 
laser material removal processes seem to be a good solution. Recently developed laser beam sources with 
pulsewidths at or below tP = 10 ps avoid heat affected zones. Especially pulse durations in the picosecond 
range turn out to be a promising tradeoff between beam source costs, material removal rate and heat 
effects on the workpiece. Therefore application examples for dressing tool preparation, profiling of hybrid 
bonded diamond grinding wheels and the preparation of cutting edges for cutting with geometrically 
defined edges in hard materials are presented. Nevertheless, much research work is still to be done to 
fully exploit the benefits of laser treatment in tool manufacturing. One main topic required for all cutting 
tools is to secure performance and life time properties after laser treatment.  

2. State of the Art 

2.1. Laser manufacturing of cutting tool inserts for CFRP cutting  

Because of the increasing importance of CFRP as construction material, also milling and drilling of 
this material needs to become a well-established process within this industry. Early research, for instance 
from Teti et al. [1] was focused on these methods. Material defects like delamination, uncut fibers, fiber 
pull-out and thermal damages can occur [2-4]. A sharp cutting edge is one of the indispensable 
prerequisites for a flawless workpiece surface as stated in [5-6]. Teti et al. stated insufficient wear 
resistance of carbide and nitride based substrates and coatings when processing the extremely abrasive 
materials. This necessitates the application of ultrahard cutting materials like PCD or diamond. 
Generating a defined cutting edge in PCD on a carbide substrate can be beneficially executed  with good 
quality using lasers in pulsewidth regimes of nano- to femtoseconds [7] . Weikert et al. [8] analyzed the 
influence of laser parameters, especially pulsewidth influence, laser power, repetition rate and process 
gases such as nitrogen, helium, argon and ambient air on cutting edge generation of cutting tools, from 
PCD, and monocrystalline diamonds (MCD). But feed rates for 200 μm thick layers are very low, in the 
range of 1 mm/s. Harrison et al. [9] presented results for laser cutting and laser polishing of PCD on 
tungsten carbide (WC) using nanosecond laser pulses at 1.064 nm wavelength with a pulsewidth between 
20 and 200 ns as well as a coaxial laser cutting head with an assist gas jet and an intensity of 
120 MW/cm2. Hu et al. [10] investigated three types of cutting tool materials, nanocrystalline (NCD)-, 
MCD and PCD diamond structures by machining an Al-matrix and an A390 alloy. Additionally, laser 
processing allows high geometrical flexibility due to small spot sizes when compared to grinding. 

2.2. Laser preparation of grinding tools 

A very recent review on laser preparation of grinding tools can be found in [11]. Laser dressing can be 
distinguished between an orthogonal and a tangential radiation direction in relation to the grinding wheel 
surface. For orthogonal irradiation, the result depends on intensity and feed rate as shown in [12]. Highly 
intensive beams remove grains and binder material, thus they can be used to roughly profile or structure 
the grinding wheel, but the accuracy is not sufficient to achieve a profile within the required tolerances. 
Lower intensities can be used to selectively remove binder material or material from the workpiece stuck 
in the intergranular spaces, this enables the ability to preserve protruding grains while cleaning and 
therefore sharpening the grinding wheel. Tangential laser irradiation is not suitable for sharpening and 
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cleaning operations, but it can be used for profiling or touch dressing of the abrasive grains [13-15].  
Newly developed laser beam sources in the nanosecond and picosecond pulsewidth range enables an  
increase in accuracy, while the process zone or heat affected zone properties become more controllable. 

3. Laser preparation of cutting tool inserts and comparison analysis to ground cutting tools 

3.1. Laser preparation of cutting tool inserts and cutting conditions 

A typical laser machining setup used in the application examples utilizes different laser sources in a  
pulsewidth range of tP = 10 ps to tP = 200 ns. The beam guiding setup consists of three linear and two 
rotary mechanical axes and of two rotary galvanometer driven axes for beam guidance in the x-, y- plane 
as well as one focus shifter system which is employed for focal spot shifting in the z-direction. The focal 

- -plate is employed 
which allows for polarization control in vertical, horizontal or circular states. Cutting edge generation is 
done via guiding the laser beam along the desired final geometry on the workpiece with a scanning hatch. 
Used laser parameters for edge generation are shown in Table 1. Graphitization effects on the diamond 
surfaces using picosecond laser radiation below a pulse duration of tP = 10 ps are neglectable [13,16] and 
therefore have not been under consideration for this study. In case of graphitization effects, tool life is 
expected to be drastically reduced. In a first step, the cutting tool insert is cut to shape within tolerances of 
about 100 μm, a second step generates the final surface finish as well as cutting edge radius geometry 
with laser irradiation held at different inclination angles to the workpiece. Cutting edge radii can be done 
down to 3 μm with a tolerance of 2 μm. The conducted machining tests are turning tests using 
unidirectional CFRP-material. The constant cutting conditions for all tests are depicted in Table 2, these 

c, feed rate vf, feed per rotation f, depth of cut ae, 
 =  = 90°. The cutting inserts are PCD-tools with a fine grain 

size of 2-4 μm in average and a diamond content of 90%. Each CFRP-workpiece is laminated using 20 
layers in a single fiber orientation. The nominal workpiece thickness is 5 mm, the tested fiber orientations 

 = 30°, 90° and 150° relative to the direction of cut. The workpiece material is an IMA-12K fiber in 
combination with M21E matrix material. The fiber volume content is 60%. Process force measurements 
are done using a Kistler dynamometer Type 9121, surface metrology is done using a 3D optical 
microscope. Measurements are carried out on unused and used cutting inserts after a removed material 
amount of V’w = 47.124,0 mm3/mm. Evaluation of the measured cutting edge profiles is carried out by 
using a robust circle fitting method from Wyen et al. [17]. 

Table 1. Used laser parameters 

Pulse duration 10 Ps Fluence 1,79 J/cm2 

Wavelength 1.064 Nm Pulse energy 47,5 μJ 

Focal spot diameter 35 μm Scanning speed 2.000 mm/s 

Table 2. Constant cutting parameters for turning experiments for all workpieces under consideration 
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3.2. Comparison of ground and laser treated cutting tools 

The resulting cutting edges can be exemplary seen in Fig. 1 (a,b). Laser treated cutting edges have cut 
diamond grains and exhibit a homogeneous surface throughout the cutting edge radius geometry. Ground 
tools tend to have broken out grains due to the inability to cut these grains directly. Large grain 
processing using grinding machines do not reach sufficiently high material removing rates on the cutting 
edge to be efficient. Therefore, this cannot be done effectively, they are torn out of the surface, leaving 
holes in the binding material, which on the laser treated tools are inexistent. Resulting cutting edge radii 
(ground and laser treated tools) are shown in Fig. 2. The unused tools have similar edge radii at around 
r  = 5 μm in both cases, ground and laser treated cutting tools. Processing times are t = 8 minutes for 
ground and t = 6,5 minutes for laser treated cutting edges. The tool wear for ground and laser machined 
PCD cutting tools is alike. It can also be seen that wear effects for machining CFRP under a fiber 

 = 150° is very low, increasing the cutting edge radius from about r  = 5 μm to 
r  = 8 μm (ground) and r  = 7,5 μm (lasered) respectively after a specific material removal of V’w = 
31.416,0 mm3  = 90° or 30°, the wear is considerably 
increased. The cutting edge radius increases to values of r  = 31 to 37 μm for the tested tools. Major 
differences with respect to the achieved cutting edge radius between ground and laser machined tools 
cannot be observed. This leads to the assumption that no graphitization effects due to laser machining 
occured. Fig. 1 (c,d) shows ground and laser treated cutting inserts after a specific material removal of 
V’w = 47.124,0 mm3  = 30°. Both inserts show intensive wear in a 
waterfall like profile. Most remarkable are the longitudinal grooves especially at the cutting edge corner, 
which occur more intensively on the ground cutting insert. These grooves are very typical for machining 

 = 30°. The feed force shows a good correlation to the increasing tool 
wear. As can be seen in Fig. 3, the feed force almost doubles during all experiments. When machining 

 = 90° and 150°, the feed force for ground and laser machined tools is 
 = 30°, the feed force for the laser treated cutting insert is higher. The cutting force 

is less dependent on wear and increases at about 50% during all tests. Cutting forces can be rated equal 
for laser treated and ground cutting tool inserts. Highest feed forces a  = 30° and highest 

 =  = 150°, while the feed force can 
 = 150° and an optimized cutting insert geometry with a small wedge angle. 

Resulting workpiece roughness values after a specific material removal of V’w = 47.124,0 mm3/mm are 
shown in Fig 2. Surface roughness is almost identical at around Ra = 2 μm for lasered and ground cutting 

 = 30° and 90°. However, workpiece roughness for 
 = 150° is about 20% lower for the laser machined tool (Ra = 5-7 μm) compared to the ground tool 

(Ra = 7 to 12 μm). 

 

Fig. 1.  SEM images of unused and used ground (a,c) and laser treated (b,d) cutting edges 



244   Wegener Konrad et al.  /  Physics Procedia   39  ( 2012 )  240 – 248 

 

  

Fig. 2.  (a) cutting edge radius comparison between ground (G) and laser treated (L) cutting tool edges. Black circles show cutting 
edge radius on new inserts, red squares after a material removal of V’w = 47.124,0 mm3/mm at fiber orientations relative to 
cutting direction  = 150°, 90° and 30°; (b) surface roughness comparison of CFRP workpiece 

  

Fig. 3.  (a) feed force and (b) cutting force comparison of ground and laser treated cutting tool insert on cutting CFRP 

The laser machined tool processes CFRP with a significantly higher feed force, but the resulting 
 = 30° fiber orientation 

angles exhibit extensive wear on the flank face and ground tools show grooves in cutting direction. 

4. Preparation of grinding wheels 

4.1. Dressing of hybrid bond CBN tools with nanosecond laser pulses 

Dressing of hybrid bond grinding wheels by means of mechanical removal is fairly difficult, hence it is 
worthwhile to consider laser dressing. Laser parameters are shown in Table 3. Fine contours as shown in 
Fig. 4 are profiled into the grinding wheel by tangential laser irradiation. Fig. 5 (a,b) show SEM 
micrographs of the laser profiled grinding wheel. It is obvious, that the surface is quite closed, which 
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means that the bond and the abrasive grains are removed to nearly the same level. For testing, the 
performance of the generated profiles are used to grind directly into 100Cr6 material with a hardness of 
60±1 HRC. Grinding parameters are upgrinding with vc = 60 m/s, Q = 50 l/min, vf = 1.8 m/min and  
ae = 0.05 mm. Fig. 5 (d) shows the profile after a specific material removal of V’w = 7000 mm3/mm. The 
grinding wheel surface is opened up, without a change in the protruding profile radius R1 (Fig. 4 (right)). 
Even after strong exposure to laser irradiation and the grinding process, the corner remains stable. 

Table 3.  Truing conditions and grinding tool specifications 

Pulse frequency  fP 50 kHz CB112-91-100-H-307125    

Laser power Pavg 30 to 48  W Tool diameter D 10 to 15 mm 

Pulse overlap Op 0 to 75 % Tool width B 10 mm 

Line overlap Ot  0 to 50  % CBN grain size  B 126   

Truing infeed ar 0,1 mm     

 

     

Fig. 4.  (left) Laser trued tool profile (b) and ground workpiece profile (a) and 3D microscopy measurements of workpiece profiles 
(c); (right) Tool wear determined through workpiece profile measurements 

 

Fig. 5.  (a) SEM image of a laser trued 90°-kerf ; (b) a 1 mm radius tool profile (right); (c) a newly trued tool profile; (d) a profile  
after V’w = 7000 mm3/mm specific material removal 
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Fig. 6.  SEM micrograph of a metal bond diamond grain, new (a) and  grooved (b) with a ps pulsed laser; Partial laser touch 
dressed profile of a grinding wheel  (tP = 10 ps,  = 1030 nm, F = 25,79 J/cm2, fP = 400 kHz). Cutting force comparison of 
unprocessed and laser touch dressed  grinding wheels 

4.2. Touch dressing with picosecond laser pulses 

The process of touch dressing removes parts of the abrasive grains directly, which protrude above a 
defined horizon. Mechanically this is done by dressing wheels, that have sufficiently large diamonds, so 
that the contact between the dressing wheel and the workpiece wheel splinters off parts of the grains on 
the workpiece wheel. Using pulsed laser beam sources with pulsewidths of tP = 10 ps, this can be done 
with much higher efficiency. Due to the short pulse width, the material removal process of diamond is 
carried out with minimal thermal load on the workpiece, therefore no or neglectable heat affected zones 
occur. Fig. 6 (a,b) shows an intact metal bonded diamond grain (a) and the same laser processed grain (b) 
with radial irradiation, yielding an exact groove in the diamond. The change of the grain’s surface is due 
to desublimized Ni bond material. The grains can be processed with a defined negative flank angle 
without major graphitization, which qualifies the laser removal process as suitable for touch dressing of 
diamond grains. Fig. 6 (left bottom) shows the achieved profile and indicates, that using tangential laser 
radiation it is possible to achieve a defined horizon of protruding grains. Depending on the workpiece 
orientation relative to the laser beam, flank angles of zero or even slightly positive values can be 
achieved. Performance of the touch dressed wheel is shown in Fig. 6 (right), where tangential and normal 
forces in grinding of a silicon carbide cylinder wheel are significantly reduced. This also reduces the heat 
applied to the workpiece and is hence suitable to reduce burning effects on the workpiece. 

5. Conclusions and Outlook 

As the preparation of cutting tools or the mechanical preparation of hard materials becomes ever more 
difficult, this paper dealt with material removal of cutting materials by newly developed laser systems. It 
was shown, that it is feasible to meet the requirements for cutting of CFRP with PCD cutting inserts. 
Workpiece quality, wear resistance and process forces for ground and laser treated cutting tools can be 
rated equal. It is also shown that fiber orientation has a significant influence on resulting tool wear. 
Further experiments are necessary to exploit the benefit of laser manufacturing for coarser grained cutting 
edges. For grinding wheels, laser treatment can accomplish all kinds of preparation, such as cleaning, 
profiling, sharpening, structuring and touch dressing, depending on irradiation direction, intensity and 
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feed rate. Fine profiles, so far unfeasible, can be made by ns pulsed Nd-YAG–laser with tangential 
irradiation. The picosecond laser technology enables touch dressing for grinding wheels, as well as for 
dressing wheels by cold ablation. No phase change occurs for diamond materials. Besides smoothing the 
horizon of cutting edges and therefore reducing the roughness on the workpiece, those laser treated tools 
drastically reduce the normal and tangential process forces because all negative clearance angles are 
removed. This is a valuable contribution to reduce the power necessary for grinding and thus avoid 
burning the surface of workpieces.  With a laser dressing approach, grinding wheels that ressemble  
milling tools can be manufactured, which needs to be exploited further.   
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