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Modification of 3D active wheel surface structure
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The investigation has been carried out into the effect of
modifying the active wheel surface (AWS) structure in view
of enhancing productivity of the grinding process. This
undertaking should be consistent with standard surface
roughness requirements. This modification involves the
model-based shares of the two SiC grain grit numbers and
two CrA (corundum with chromium addition) grit numbers in
the grinding pins with ceramic bond for the face grinding
process.
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Modern methods of intensification of the grinding process
depend largely on increasing wear resistance of the grains
constituting properly developed AWS profile [1]. Further
advances in this field are evident in the research and
production of hybrid wheels with a mixture of CBN grains
and grinding wheels with aggregate grains, as well as in the
use of microcrystalline grains. Modified AWS structure is
based on the view that the evaluation of the working
conditions of the isolated micro-cutting edge can not be the
basis for describing the machining efficiency of the whole
tool such as a grinding wheel. The actual profile of active
surface of the grinding wheel in the grinding conditions
specifies limits or expands the amount of contact of the
adhesive surface of the workpiece and promotes or
prevents from pasting the ground surface material into the
AWS. Under traditional circumferential longitudinal grinding
conditions, only part of the AWS participates in intensive
material removal and the next part performs finishing work
with a significant proportion of the binder. This natural
variation in geometrical grinding conditions was the basis for
the construction of a multi-layer grinding wheel with different
grain granulation in the individual layers (fig. 1).

The grinding wheel of such a structure has the largest
grains in the first layer at the longitudinal feed direction.
Structural construction of this layer allows for intensive
processing and, due to the increased grain spacing, limits
the potential negative effect of the AWS. This is illustrated
by comparison of grinding forces (Fn normal and tangential
Ft) during grinding using the conventional and multi-layered
grinding wheel (fig. 2).
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Fig. 1. Example of multilayer grinding wheel (left) and peripheral
grinding principle with 4-layer grinding wheel with grains with
granulation numbers: 36, 46, 60, 80 [2, 3]
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Fig. 2. Results of F, and F: forces measurements for conventional
grinding wheel WA 36 L7V and multi-layered WA (36, 46, 60, 80)
L7v

In the case of conventional grinding, only 20 passes have
been recorded in the machining system, indicating AWS
dullness. While at work of multilayered grinding wheel, the
phenomenon has not occurred even after 50 machining
passes.

Research program

For comparing the face grinding results with CrA36L7V
and SiC36L7V grinding wheels, the modified AWS grinding
wheels were used, which in both cases included mixture of
grains with a grit number 36 and 80 (fig. 3).



Fig. 3. Grinding wheels with the modified structure of SiC and CrA
grains

In the modified grinding wheels, the standard percentage
of abrasive Vz is maintained, which for medium grade L and
structure number 7 is 48%. This standard proportion of
abrasives consists of an experimentally adjusted percentage
of grains with a grit number 36 and smaller grains with a grit
number 80 in the following volume proportions:

VZ = 500/0 V236+ 500/0 VZBO

In the modified CrAm) and SiCm) grinding wheels (fig. 3),
the standard proportion of the binder was retained, resulting
in a reduction in the average cross-section of the bridges [4,
5].

For face grinding, a surface grinder with hydraulic feed
drive and a rotating spindle with a rotational speed of n =
16,000 rpm was used (fig. 4).

Fig. 4. Position for the face grindiﬁg efficiency tests

Comparative studies of machining

efficiency  of
conventional and modified grinding wheels were carried out
by means of indirect measurements of the indicator g, i.e.
the AWS gumming level, recorded on the instrument shown
in fig. 5, and by measurement of the material removal in
subsequent grinding time periods.

MECHANIK NR 10/2017

Fig. 5. Measuring set with the induction coil for comparativé
evaluation of metal mass gumming the AWS (left) and ground
surface appearance

Results

In the table, arbitrary indicators ¢ characterizing the
susceptibility of the active surface of tested SiC and CrA
grain wheels with standard and modified structure, were
listed: CRAm) and SiCm).

TABLE. Arbitrary indicators q(mA) of AWS gumming degree
with ground steel 100Cr

Standard grinding wheels | Modified grinding wheels
SiC CrA SiCm) CrAm)
36 36
80 80 (36+80) (36+80)
4 3
6 45 3,5 2,8

Comparison of arbitrary q degree of the AWS gumming in
the case of standard grinding wheels confirms the role of
chemical affinity, which increases susceptibility to gumming
of the grinding wheels with SiC grains relative to the
grinding wheels with CrA grains — regardless of the size of
these grains. The quantitative results of the grinding
performance of standardized grinding wheels are presented
in fig. 6. Grinding wheels with standard grains CrA, grit No.
36 and grains SiC, grit No. 36 are more efficient (curves 1
and 3 in fig. 6) than the wheels with CrA, grit No. 80 and
wheels SiC, grit No. 80 (curves 2 and 4 in fig. 6). These
differences are due to the different conditions of micro-
cutting with grains of different granulation and greater
susceptibility to the active surface of grinding wheels with
grains of grit No. 80. In the modified AWS structures, i.e.
CrAm and SiCm), the presence of fine grains results in
changing the contact conditions of the grinding wheel with
ground material, as it creates locally a spatial structure
having the properties of microcrystalline grains. This
structure is reproduced after each dressing operation, so
that the grinding process will involve grains No. 36 and 80.

This way of removing the machining allowance gives
better results in terms of grinding performance for the
modified AWS grinding wheels with the same operating
parameters. This is illustrated by the obtained quantitative
results regarding the grinding performance with both CrAm)
(curve 1in fig. 7) and SiCm) (curve 2 in fig. 7).

The results obtained for the performance of CrAm)
grinding wheels show that they are better than SiCm)
grinding wheels , wherein these resulting values are still
higher— by 50+80% — than the values achieved for standard
grinding wheels. The improvement of the grinding
performance is possible due to the reduced cross-section of
the bond bridges. This is caused by the increased share of
grains with grit number 80 in the grinding wheel volume. The
modified 3-d structure of the AWS supports the crush-
dressing process, which is facilitated by the thin bridges of
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Fig. 6. Grinding performance with standard grinding wheels with
CrA grains, grit No. 36 and 80 (curves 1 and 3) and with SiC
grains, grit No. 36 and 80 (curves 2 and 4)

the binder. Moreover, the share of grains with grit number
80 in modified wheels promotes intensification of removing
the fractures.

caused by the increased share of grains with grit number 36
in the grinding wheel volume. The major advantages of the
tested grinding wheels are the reduction of grinding forces
and the prolongation of the working time between
successive dressings.

Conclusions

In the face grinding, the vertices of the abrasive grains
move in the microcirculation zone along the complex
cycloidal curve. The practical conditions for the destruction
of the ground metal layer are, in this case, dependent on the
3-d structure of the grinding wheel surface. Modeling of the
structure and its contact with the machined surface clearly
indicate an active role of only 5 percent share of the grain
volume.

Machining efficiency of collection of grains in the AWS,
as assessed in terms of stochastic process, depends on the
dimensions, the angles of the corners and the flatness of the
walls of these grains [6]. This effect is also influenced by the
size and uniformity of the distribution of the pores in the
volume of the grinding wheel. This is achieved by modifying
the AWS structure by applying granules of different
granularity, which is a physical justification for the possibility
of their efficient use in technology. This was confirmed by
the results of the research process and the results of the
AWS blockages grinding performance. The latter was
influenced by the superposition of the effects of the larger
size (# 36) graining process and the smaller grafts (number
80), which simultaneously play a decisive role in achieving
the required stereometry of the grinding surface that is
obtainable in the grinding process. This applies in particular
for grinding wheels with the latest variant grains of
aluminum nitride-oxide (AION), which can be used for
grinding steel with a hardness of 45 to 60 HRC and
stainless steel. These grains are very useful in grinding
processes, for which a large contact surface of the grinding
wheel with a ground part is typical and which is subject to
the risk of thermal damage to the workpiece. The following
processes belong to this category [7, 8]
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Fig. 7. Performance of the face grinding using grinding wheels
with modified CrAm) structure (curve 1) and SiCm) grinding wheel
(curve 2)

« grinding with grinders of vertical axis,
« plunge grinding,
« creep feed grinding,
« centerless grinding,
« grinding of crankshafts.
The observed reduction of the active area of the grinding
wheel results in an additional reduction of thermal loads in
the grinding zone.
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