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Abstract 
 
Mechanical conditioning is known as the challenging part of employing superabrasive diamond grinding wheels. Therefore,  Wire 
Electrical Discharge Conditioning (WEDC) has been applied as a nonconventional conditioning process for more flexibility in the 
conditioning of electrically conductive bonding materials. Since the conditioning process influences the surface topography of 
grinding tools, it plays an important role indetermining the efficiency of the grinding process. Grain size is another influencing factor 
in the surface topography of grinding tools. Accordingly, evaluation of grain size effects under both mechanical and electrical 
discharge conditioning processes is necessary. In this study, the efficiency of external cylindrical plunge profile grinding of a tungsten 
carbide (WC) workpiece using grinding wheels with two different grain sizes (D25 and D64), conditioned by conventional and WEDC 
process, has been studied. The topography of conditioned grinding wheel surfaces has been measured and compared utilizing 
confocal microscopy and corresponding 3D-surface parameters. The profile accuracy of grinding wheels with different grain sizes 
under both conditioning processes is also evaluated. Finally, the wear of the grinding wheel and surface roughness of the ground 
workpieces are compared to assess the two applied conditioning methods and grain sizes. It was shown that higher protrusion and a 
rougher wheel surface topography were achieved by the D64 grain size and applying the WEDC. Consequently, applying the WEDC 
to the coarser grinding wheel (D64) resulted in lower profile wear owing to sharper abrasive grains and higher grain protrusion, which 
cause less friction and more efficient chip formation. However, the workpiece surface roughness was larger compared to the 
mechanically conditioned grinding wheels. Utilizing the smaller grain size grinding wheel (D25), leads to achieveing a surface 
roughness value as mechanically conditioned. Also, the lower wear value is corresponding with WEDC for this grain size too.  
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1. Introduction  

The increasing demand for higher quality, precision, and 
durability of products in many industrial applications has led to 
the demand for high-performance materials such as advanced 
ceramics and ceramic composites. The grinding process using 
superabrasive grinding wheels plays a key role in coping with the 
challenges associated with utilizing this kind of materials. 
Especially, using profiled grinding wheels is an efficient and cost-
effective method to achieve desired profile forms with high 
surface qualities on these difficult-to-cut materials [1]. 
Therefore, the importance of improving the technical 
knowledge in conditioning takes precedence over grinding [2]. 
However, the mechanical conditioning, i.e. truing, dressing, and 
cleaning of superabrasive grinding tools is, in turn, cumbersome, 
costly, time-consuming and for complex profile forms, even 
noneconomic [3] and also, in some cases, not possible. In 
addition to macro geometry, superior microtopography by 
generation and exposure of new cutting edges on the surface of 
the grinding wheel is an important aim of the conditioning 
process, over which there is little controllability using 
conventional conditioning methods [4,5]. 

Recently, non-conventional conditioning processes are 
introduced to overcome the abovementioned shortcomings and 
increase the flexibility and applicability of conditioning 

processes [6,7]. The Wire Electrical Discharge Conditioning 
(WEDC) is a novel alternative to perform conditioning of 
superabrasive grinding wheels with conductive bond materials. 
The WEDC can be extended to many resin, hybrid, and metal 
bonded tools with adequate electrical conductivity [2]. Within 
the WEDC process, only the electrically conductive bond 
material is eroded, while diamond grains, which are normally 
nonconductive, are protruded from the eroded bond surface [8]. 
Consequently, superior grinding wheel topography with a more 
open structure is resulted by WEDC [9]. Within mechanical 
conditioning, on the other hand, the abrasive grains have almost 
no protrusion from the bond surface and undergo a flattening or 
a complete pullout, neither of which are desirable for the chip 
formation process during grinding [10,11]. Therefore, WEDC 
leads to the reduction of grinding forces and consequently to 
lower wheel wear by providing rougher micro-topography of the 
grinding wheel [11]. Klink [8] evaluated the material removal 
rate in the dressing process of fine-grained grinding wheels with 
different grain concentrations and bond materials. It is reported 
that comparing different bronze bond materials, Cu-Bz yields the 
highest material removal rate and the material removal rate of 
Co-Bz and Fe-Bz lies  nearly in the same range. Weingärtner [12] 
reported the grinding efficiency of different metal bonded 
grinding tools with various concentrations but with the same 
grain sized. According to mentioned report, the higher grinding 



  

 

G-ratio is observing for higher concenteration of grinding wheel. 
However, there is not comprehensive report about the influence 
of grain size on the grinding efficiency and profile accuracy of 
WED-conditioned grinding wheels and its comparison with 
mechanically conditioned wheels. 

This study investigates the grinding efficiency of two hybrid 
bonded grinding wheels with different grain sizes but the same 
concentration and bond materials utilizing wire electrical 
discharge and mechanical conditioning processes. The profile 
accuracy and topography of grinding wheels after conditioning 
have been measured. Furthermore, the efficiency of these 
grinding wheels within the external cylindrical plunge profile 
grinding process of a tungsten carbide (WC) workpiece is 
evaluated. The archived profile accuracy on the workpiece, 
workpiece surface roughness, and grinding wheel wear are 
compared to provide an assessment of the two applied 
conditioning methods and grain sizes.  

 
2. Experimental setup 

WEDC of 100 mm diameter hybrid-bonded (a mixture of resin 
and metal bond) diamond grinding wheels D64-NF-B10A and 
D25-NFM B10A from 3M company was performed on an 
MP2400 water-based WEDM-machine from the precision series 
of Mitsubishi Electric, which is equipped with a specially 
designed rotary spindle (RSI-55 from ITS technologies) with a 
programmable driver integrated into the machine’s controller 
(Fig. 1.a). The rotational speed of the spindle was set at 800 rpm. 
The mechanical conditioning was, on the other hand, performed 
with a vitrified bonded SiC grinding wheel. The topography and 
profile accuracy of conditioned grinding wheel surfaces have 
been measured using confocal microscopy and corresponding 
3D-surface parameters. The cylindrical plunge profile grinding 
process of tungsten carbide workpieces (Ceratizit CTS20D) with 
a diameter of 25 mm was performed on a 5-axis HAAS Multigrind 
CA grinding machine (Fig. 1.b). The grinding parameters and 
conditions are listed in Table 1. 

  
 

Fig. 1. The conditioning setup on the WEDM machine (a);the cylindrical 
plunge profile grinding setup (b). 
 
  Table 1. 

Cutting speed vc [m/s] 25 
Grinding speed ratio qs, [-] 50 

Radial infeed vfr [mm/min] 
1.2 (D25) 
1.6 (D64) 

Workpiece stock [mm] 5 × 2.4 
Spark-out t [s] 27 
Grinding fluid Oil 

 
3. Results 

Fig. 2 shows the average deviation of the nominal profile after 
conditioning. The profile deviation of the WED-conditioned 
grinding wheel is significantly lower than the mechanically 
profiled grinding wheel. The difference is much bigger for the 
finer grinding wheel. The force-free and wear-less conditioning 
process in the case of WEDC leads to a much more precise profile 
and less deviation from the nominal profile for both grain sizes. 

Moreover, the larger grain size (D64) leads to higher profile 
deviation in both conditioning processes. In WEDC, grains are 
not directly influenced by the erosion process; therefore larger 
grains increase the incidence probability of deviations from the 
nominal profile and also the number of contacts between the 
wire and the grains. The wire-grain contacts can increase the 
wire vibration during the conditioning process and cause 
inaccuracy. The surface topography and grain conditions of the 
WED-conditioned grinding wheel as well as, the mechanically 
conditioned, were investigated before the grinding experiments 
using confocal microscopy and by evaluating 3D surface 
parameters. As it is shown in Fig. 3, significant grain flattening 
and pullout are clear in the mechanically conditioned grinding 
wheel, specially for the larger grain size of D64 (Fig. 3(c)). As 
shown in Fig.3(b) and 3(d), sharper abrasive grains, a more 
considerable grain protrusion, and relatively rough wheel 
surface are the results of the WEDC. The corresponding 
arithmetic mean height Sa, the core roughness depth Sk, the 
reduced peak height Spk and the reduced valley depth Svk 
values are presented as 3D surface parameters in Fig.4. Although 
porosity and roughness of the WED and mechanically 
conditioned grinding wheels with smaller grain size (D25) lie in 
the same range, the deviation is much more considerable for the 
larger grain size (D64), which is due to the more effectively 
protruded cutting edges. For a given grinding wheel 
specification, the combined Spk and Sk values provide a measure 
for the grain protrusion on the grinding wheel surface. 
Therefore, a higher grain protrusion is achievable for larger grain 
sizes in WED conditioning. 

Fig. 5 and Fig. 6 present the confocal images and the 
corresponding 3D surface parameters of the grinding wheels 
after external cylindrical plunge profile grinding experiments. 
The different microtopographies of mechanically and WED 
conditioned grinding wheels have led to different wear behavior 
within the grinding process. As shown in Fig 5(c), the 
mechanically conditioned grinding wheel with the larger grain 
size (D64) undergoes the most considerable amount of 
flattening during grinding, which is due to the worn and dulled 
grains during mechanical conditioning. The 3D-surface 
parameters in Fig. 6 confirm this claim. The confocal images 
show that there are still more frequent open structures on the 
WED conditioned grinding wheel than to the mechanically 
conditioned ones. There are also some traces of flattening 
visible on the WED conditioned grinding wheels, especially in the 
case of larger grain size (D64). However, it is still possible to 
distinguish individual grains remaining on the wheel surface 
after grinding, which implies that the WED conditioned grinding 
wheels are still sharp after being used. Besides, the increasing of 
Svk, shown in Fig. 6, is a sign of increasing of cavities, which 
perform as the result of grain pullout on the mentioned grinding 
wheel. 

 

 
 

Fig. 2. The average deviation of nominal profile for WED-conditioned 
and mechanically conditioned grinding wheel. 
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Fig. 3. Surface topography of conv. conditioned D25 (a),WED 
conditioned D25 (b), conv. conditioned D64 (c), and WED conditioned 
D64 (d) grinding wheels before grinding experiments. 
 

 
Fig. 4. 3D-surface parameters of mechanically and WED conditioned 
grinding wheels before grinding process. 
 

Fig.7 shows the wear behavior of grinding wheels after 5 
plunge grinding passes. Compared to the mechanically 
conditioned grinding wheels, smaller amounts of wear are 
measured on the WED conditioned wheels of both grain sizes. 
The mechanically conditioned D25 grinding wheel undergoes 
the largest wear of about 92µm, which was accelerated after the 
3rd pass. The corresponding WED conditioned wheel`s wear is 
approximately 30% smaller, where the abrupt increment started 
later after the 4th pass. Different wear behavior is due to the 
sharper cutting edges after WEDC, which leads to smaller forces 
on individual grains during grinding. Therefore, the grains keep 
their material removal ability longer before they are worn and 
pulled out of the bond. The accelerated grin pullout could be 
responsible for the abrupt increment of wear amount in the case 
of D25 grinding wheels. In comparison to the finer D25 grinding 
wheels, the grinding wheels with the larger grain size (D64) 
experience smaller wear amounts, as the retention capability of 
the bond matrix is much larger for larger grain sizes. 
Furthermore, the wear characteristics are smoother in case of 
D64 wheels (Fig. 7), which implies that larger grains keep their 
chip formation capability over a longer application period. The 
WED conditioned D64 grinding wheel`s total wear is about 70% 
smaller than the mechanically profiled one, which shows that 
the grain protrusion resulting from WEDC  is even more 
significant for larger gain sizes than smaller grain sizes.  
 
 

 

 
 

Fig. 5. Surface topography of conv. conditioned D25 (a),WED 
conditioned D25 (b), conv. conditioned D64 (c), and WED conditioned 
D64 (d) grinding wheels after grinding experiments. 

 

 
 

Fig. 6. The 3D-surface parameters of grinding wheels after grinding 
process. 

 
The surface roughness of the ground workpieces across the 

grinding direction is the last investigated aspect for assessing the 
WEDC process. The average surface roughness Ra and the mean 
roughness depth Rz of the ground workpieces throughout the 5 
grinding passes are presented in Fig.8. Throughout the 
experiments, the fine D25 grinding wheels have provided the 
smallest Ra and Rz values with both conditioning processes, 
which is commonly expected regarding the smaller chip 
thickness values correlated with the grain size.  The effect of 
grain size on the workpiece surface roughness can be seen most 
obviously on the workpiece ground with the WED conditioned 
grinding wheels, where the grinding wheel with D64 grain size 
has resulted inconsiderably larger roughness values. As the 
bonding surface is set back efficiently within the WEDC process, 
the grain protrusion seems to be the dominant factor in the 
ground workpiece surface roughness,  directly related to the 
grain size. In the WED conditioned D64 wheel, both roughness 
parameters experience a steep reduction as the initial sharp 
cutting edges get dull upon the first contact with the workpiece 
surface (up to the end of 2nd pass). Conventional conditioning of 
both grain sizes has led to comparably the same roughness value 
ranges. It can be assumed that the flattening of the grains within 
the conventional conditioning process is so significant that it 
overrules the effect of grain size. Additionally, the cutting edges 
of the mechanicaly conditioned D25 grinding wheel are 
apparently overloaded by a rather high material removal 
amount, and the grinding wheel is undergoing a degree of self-
sharpened, which is also confirmed byFig 5(c). This behaviour is 
also in acoordance with the mechanically conditioned D25 
wheel`s wear characteristics, which change abruptly to the 



  

 

largest wear amount after the 2nd grinding pass in Fig. 7.   In this 
regard, the D64 wheel has even led to slightly smaller roughness 
values, which can be explained by the more likelihood of grain 
flattening and no tool self-sharpening during the grinding 
process. The overall incremental trend of the roughness values 
(after the initial reduction in the case of the WED conditioned 
D64 wheel) is due to the gradual breakage or pull-out of the 
grains due to increment of cutting forces and induced loads on 
each active grain.  

According to Fig. 4, Fig. 6 and Fig. 8 it can be concluded that 
the resulting ground workpiece surface quality is directly 
correlated with the 3D surface parameters of the conditioned 
grinding wheels, regardless of the conditioning process (either 
WED or conventionall conditioning). 

 
 

 
 
Fig. 7. The profile wear of conditioned grinding wheels after grinding 
process. 
 
 

 
 
Fig. 8. The surface roughness of ground workpiece using mechanically 
and WED conditioning. 
 
4. Summary 

This study presented the role of grain size on profiling 
accuracy and grinding efficiency of mechanically and WED 
conditioned hybrid bonded diamond grinding wheels. The 
correspondingly conditioned grinding wheels were applied to 
the external cylindrical plunge grinding of a tungsten carbide 
workpiece where the following conclusions can be made: 
 
 WEDC can be considered as a promising method for 

conditioning superabrasive grinding tools with electrically 
conductive bonding systems. The advantages of WEDC over 
mechanical conditioning are specifically pronounced, where 
complex, flexible, and reproducible profile forms are 
demanded. 

 The quantitative investigation of the conditioned D25 
grinding wheel surface shows the same roughness and 

porosity of the grinding wheel surface. However, the 
qualitative microscope image shows the bigger porosities on 
WED conditioned grinding wheel. On the other hand, both 
quantitative and qualitative data, confirm rougher and 
higher amount of porosity for WED conditioned D64 grinding 
wheel and provide a more effective grain protrusion and 
lubrication, and as a consequence experiences lower grain 
wear and pullout compare to mechanically conditioned.  

 The profile accuracy of the WED conditioned grinding wheels 
is superior to the mechanically conditioned ones. Moreover, 
higher accuracy is achievable for grinding wheels with 
smaller grain sizes. However, grinding wheels with larger 
grain sizes undergo smaller wear amounts compared to fine-
grained grinding wheels.  Regardless of the grain size, WED 
conditioning leads to smaller wear and longer applicability 
than conventional conditioning. 

 Owing to the larger grain protrusion resulting from WEDC, 
the ground workpiece surface roughness is larger than the 
workpieces ground with the mechanically conditioned 
grinding wheels. For smaller grain sizes, the relative grain 
protrusion is less dominant as the tool self-sharpening 
influences the workpiece roughness more considerably. 
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