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Abstract
Grinding is a technology which is used as a surface finishing operation. Therefore it is important for achieving good
dimensions of accuracy. This accuracy can be affected by the size of wear of the grinding wheel. The size of the grinding
wheel wear can be affected by the size of the grinding forces. Both of these factors can be influenced by the grinding
parameters and the grinding wheel composition. Therefore, this article focuses on the influence of grinding parameters
on the wear of grinding wheels and the size of the grinding forces when grinding VACO 180 maraging steel using SiC
grinding wheels.
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1. Introduction
Grinding is one of the finishing operations used in the industry where it is necessary to achieve a good surface quality,
high dimensional accuracy and also for materials which cannot be machined using other types of cutting technologies
with the defined geometry of tools. [1] In addition to this, grinding is used to finish the surfaces of test specimens, when
these areas of specimens have high requirements for precision and minimal impact from grinding forces. In order to
achieve these requirements, it is necessary to select a suitable grinding wheel with suitable cutting conditions for the test
material. The grinding speed and depth of cut are the most influential parameters on the results of grinding, as is shown
in Fig. 1. From this figure it is evident that changing these two parameters can influence the size of wear, grinding forces,
the temperature of grinding, cutting time and so on. [2], [3], [4], [5], [6]
This paper deals with grinding VACO 180, a material which is used for producing test specimens for mechanical tests.
This is because it is equivalent to the material according to DIN X3NiCoMo 18 9 5, but mainly to MS1 steel from EOS,
which is used for metal 3D printing. As a result, it is then possible to compare the differences between the properties of
3D printed and conventional material. The chemical composition and mechanical properties of VACO 180 are given in
Table 1 and Table 2. [7]
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C
<0.03%

Co
9.0%

Mo
5.0%

Ni
18.5%

Ti
0.75%

Others
Al, B, Zr

Table 1. Chemical composition of VACO 180 [7]
Yield strength
640 MPa

Tensile strength
930 – 1130 MPa

Ductility
12 %

Contraction
60 %

Notch toughness
55 J

Hardness
350 HV

Table 2. Mechanical properties of VACO 180 [7]

Fig. 1. Influence of grinding parameters on the results [2]
2. Experiment
These experiments are derived from past research which was focused on grinding this material with SiC grinding
wheels. From the past experiments, the results were not satisfactory in terms of the grinding wheels used. Therefore, for
these experiments a different composition of grinding wheels was used. The grinding wheels used and their compositions
are shown in Table 3. Differences between them are in the grain size and hardness. Flat bars with dimensions 36 x 5.2 x
180 mm (height x width x length) were used as test specimens. After grinding the face was 5.2 x 180 mm. The width of
the grinding wheel was bigger than the width of the test specimen. Experimental grinding was carried out on the ANCA
mx7 tool grinding machine which had to be fitted with a special clamp system for the flat bars. [8], [9]
Grain size
Designation Specification Shape Dimension Type of grain
Bonding
Hardness
[FEPA]
49C 240 J 10
Silicon
SiC-240
1A1
100x10
240 (very soft) Ceramic
soft
V 40
carbide green
49C 80 K 9
Silicon
SiC-80
1A1
100x10
80 (soft)
Ceramic
medium
V 40
carbide green
Table 3. Used grinding wheels
The next set of variables for these experiments are the grinding conditions. As there are many grinding conditions it
was necessary to choose only those which have the biggest influence on the force and wheel wear. Grinding speed and
depth of cut were chosen as the variables for these experiments. The values of these variables are shown in Table xx. The
next value of the grinding conditions is wheel speed which was 200 mm.min-1. This value was the same for each
experiment. The experiments were carried out using coolant which was directed on to the surface of the grinding wheel
using two nozzles. Both nozzles were pointed at the contact point of the grinding wheel with the surface of the test
specimens. The technology for grinding in these experiments is shown in Table 4.
Designation vc[m.s-1] ae[mm] Designation vc[m.s-1] ae[mm] Designation vc[m.s-1]
ae[mm]
Exp01
25
0.025
Exp04
25
0.05
Exp07
25
0.1
Exp02
30
0.025
Exp05
30
0.05
Exp08
30
0.1
Exp03
35
0.025
Exp06
35
0.05
Exp09
35
0.1
Table 4. Used grinding conditions for experiments
3. Results
The experiments focused on the size of forces and wear of the grinding wheels during grinding. As the ANCA mx7
grinder can record only the percentage value of the spindle load it was necessary to recalculate these loads to forces.
Also, it was necessary to subtract the values of centrifugal loads. The formula for recalculating percentage spindle loads
to forces is shown in (1).
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𝐹=
Where:
F
pp
P
r
n

…
…
…
…
…

Force
Percentage spindle load
Power of spindle
Radius of grinding wheel
revolutions per minute

𝑃 ∙ 𝑝𝑝
[𝑁]
2 ∙ 100 ∙ 𝜋 ∙ 𝑛 ∙ 𝑟

(1)

[N]
[%]
[W]
[m]
[rpm]

These recalculated values are shown in the first two graphs (Fig. 2 and Fig. 3). The first graph shows the force values
for the SiC-240 grinding wheel and the second one is for SiC-80. It is immediately clear that grinding wheel SiC-240,
which is softer, created smaller forces than the second one. If we look at the first graph (Fig. 2) we can see the forces
decrease only for the depth of cut 0.025 mm depending on the increasing grinding speed. At other cut depths, the forces
decrease too, but then they stabilise or increase. If we look at the results from the second grinding wheel (Fig. 3) we can
see the size of forces is higher than the first one. This is caused by the hardness of the grinding wheel which is higher
because the tougher structure of wheel puts more resistance on the grinding process. In this grinding wheel, we can see
the forces decrease with the higher grinding speed at all depths of cuts.

Fig. 2. The size of forces from grinding wheel SiC-240

Fig. 3. The size of forces from grinding wheel SiC-80
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Fig.4 shows the results from the wear of both grinding wheels. The SiC - 240 grinding wheel is without cross fill and
the SiC - 80 grinding wheel is with cross fill. We can see a big difference between the grinding wheels. Also, these big
differences are visible between different grinding conditions. The SiC-240 grinding wheel showed higher values of wear
than the second one. Also, when the grinding speed was increased there was an increase in wear of the grinding wheel.
On the second grinding wheel, SiC-80, there was a smaller size of wear than on the first one. Also, the course of wear, in
this case, decreased with increasing grinding speed. In both cases, the wear increased when the depth of cut was higher.

Fig. 4. The size of wear on SiC-240 and SiC-80 grinding wheels
When we compare the results of wear and grinding forces we can see dependence especially for the second grinding
wheel SiC-80. In this grinding wheel can be seen the wear of the grinding wheel decreasing when decreasing the size of
the grinding forces. The first grinding wheel SiC-240 does not have this dependency. This may be caused by an
unexpected change in the grinding forces depending on the grinding speed.
4. Conclusion
This work focused on investigating the influence of grinding speed and depth of cut on the size of grinding forces and
wear for two grinding wheels with different structures. From the results it is evident that the SiC-240 grinding wheel has
the smallest size of grinding forces but the changes to these forces were undesirable in relation to the increase of the
grinding speed. Also, it is related to the changes of wear of this grinding wheel, which was similar. The results of the
second grinding wheel SiC-80 reach higher values of forces but smaller values of wear and also a better course for both
cases. From these results it is obvious that the second grinding wheel is better for these applications even if bigger values
of forces are reached, but these values are still small enough. This grinding wheel also reached smaller values of wear.
These experiments serve for future research of the usability of grinding wheels for grinding VACO 180 maraging
steel. In the next step, we plan to use different sized grinding wheels with this structure and focus also on results of surface
quality which is very important in our research.
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