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Due to the properties of ceramic materials, their abrasi-
ve treatment  is technologically difficult. This applies par-
ticularly to the grinding of complex surfaces in which the 
treatment  is most  often  used mounted wheels with  dia-
mond coating [1-3]. This process requires the use of multi-
-axis grinders equipped with high-speed spindles and pre-
cise axle positioning systems – only under this condition it 
is possible to grind elements of complex shapes made of 
ceramic or super-hard materials [4].
Ceramic materials are widely used in the art, and in me-

dical engineering – especially aluminum oxide and zirco-
nium are used for bone implants and dental [4, 5]. Such 
elements are made using small  tools, which causes  the 
cutting speed vc to be within the range of 5÷10 m/s (in the 
case of  grinding with  conventional  grinding wheels,  it  is 
30÷45 m/s). For example: for a cutting speed of ds = 5 mm 
to 10 m/s, the spindle speed of the machine should be at 
least ns = 40,000 rpm.
In addition,  in grinding with spherical grinding wheels,  

it is important to set the axis of the grinding wheel relative 
to the surface to be machined – to achieve the required 
effective cutting speed (fig. 1).
Depending on the angles of lead α and tilt β, the mini-

mum and maximum effective cutting speeds take different 
values.
If α = 0° and β = 0° (spindle axis perpendicular  to the 

surface),  then  the cutting speeds  take  the  following val-
ues:

where: ap is the grinding depth.

If one of the angles (α or β)  is different from zero, the 
cutting speeds are determined by the equations:

where:

while Rth is the theoretical height of the roughness (fig. 2).

Fig. 1. Adjustment of grinding wheel axis (ap – grinding depth, ae – grind-
ing width, α – lead angle, β – tilt angle, ns – wheel speed)

Fig. 2. Determination of maximum theoretical roughness Rth [4]
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The article presents the results of experimental research for 
free form grinding of corundum ceramic with the use of an 
spherical diamond head. Article shows the influence of cut-
ting depth and feed on roughness parameters and surface ac-
curacy.
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Test stand and the study

Grinding experiments were performed on  the Ultraso-
nic 20 linear machining center of Sauer (fig. 3) equipped 
with the Sinumerik 840D control system. Dremel diamond  
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polishing wheels  (7105),  galvanized, with  a  diameter  of 
ds = 4.4 mm, were used. The workpiece was pre-cured 
alumina with an Al2O3 content of more than 98%.

Fig.  5. Ra  roughness  parameter  values  obtained  during  the measure-
ment in the direction corresponding to the feed direction

Fig. 6. Ra roughness parameter values obtained during measurement in 
a direction perpendicular to the feed direction

Fig. 4. Machined surface zones

Fig. 3. Test  stand: 1 – machine  tool,  2 – working space with attached 
specimen, 3 – Dremel 7105 grinding wheel

Two  identical specimens were prepared  for  the study, 
divided  into  three zones with a width of  10 mm  (fig. 4).  
For each zone a different grinding allowance was calcula-
ted (Table). A new grinding wheel was used for the treat-
ment of each sample.

The  surface  model  for  grinding  and  machining  paths 
were generated using the NX9.0 program. The feed spe-
ed  vt  was  determined  separately  for  each  sample  (200 
mm/min for the first and 400 mm/min for the other).

Measurement of surface roughness and waveforms

Mahr MarSufr GD 120 profiler from Mahr, equipped with 
MFW-250:  1  (#6851855) measuring  head,  was  used  to 
measure surface roughness. Measurements of Ra and Rz 
parameters of surface roughness in the feed direction of 
the grinding wheel and perpendicular to feed were perfor-
med. Measurement  of  surface  accuracy was  performed 
on the Mahr XC 20 contour-graph. During the measure-
ment, the nominal profile of the surface with the profile ob-
tained after grinding with the parameters was compared. 
For  the measurement deviation of  the profile used PCV 
350×58 mm 6033/1.

Ra and Rz roughness parameters measured in two mu-
tually perpendicular directions obtained at different  feed 
rates vt are shown in figs. 5-8.
The surface  roughness measurements obtained show 

that the Ra parameter measured in the direction of travel 
depends more on  the  feedrate  than on  the depth of  the 
sanded material  layer.  Furthermore,  the  lowest Ra  val-
ue was obtained during grinding with ap = 30 μm depth.  

The following parameters were used in the grinding pro-
cess:
● cutting speed vc = 5 m/s,
● tilt angle of of the wheel pin axis β = 40°,
● cutting depth ap = 10 μm, 20 μm or 30 μm – depending 
on the treatment zone,
● cutting  width  ae  programmed  so  that  the Rt  value  of  
the roughness does not exceed 1 μm.
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Feedrate; vt:



Fig. 10. Distribution of deviation of the shape of the actual profile (green 
color) determined in relation to the nominal profile (red color) for the fe-
edrate of 200 mm/min

Fig. 9. Comparison of shape deviation values

Fig.  8. Roughness Rz  values obtained during  the measurement  in  the 
direction perpendicular to the feed direction

Fig.  7. Roughness Rz  values obtained during  the measurement  in  the 
direction corresponding to the feed direction

Fig. 11. Distribution of deviation of actual profile (green color) determined 
in relation to nominal profile (red color) for feedrate 400 mm/min

In the opposite direction to the feedrate of the wheel, the 
Ra parameter is less dependent on the feed speed, and 
the  impact of  the cutting depth  is  less pronounced. The 
roughness coefficient Rz is decomposed in the same way. 
For  both Ra  and Rz  parameters,  the  best  results  were 
obtained at feed rate vt = 200 mm/min and cutting depth  
ap = 30 μm.
Measurements  of  deviations  of  the  shape  along  the  

contour of the measured surface of the sample are shown 
in figs. 9-11.

The profile deviations shown in the diagrams show that 
less grinding is achieved when grinding with a lower feed 
speed in the area of the concave surface than with a high-
er feed rate. When analyzing the deviations of the shape 
obtained from the comparison of nominal profile and ac-
tual surface profile, it was noted that for ap = 10 μm and  
ap  =  20  μm,  smaller  deviations  of  the  profile  shape  oc-
curred at higher feed rates. In the grinding process a thick-
ness of ap = 30 μm, the deviation of shape was smaller at 
feedrate 200 mm/min than at feedrate 400 mm/min.

Conclusions

From the presented analysis, it is clear that the accuracy 
of surface mapping and its roughness depend on a num-
ber of geometric and technological parameters, especially 
on the speed of feed. Further studies should also examine 
the impact of the tilt angles of the wheel hub shaft.
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