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Determining the diamond lapping films’ ability to micro-finishing

Okreslanie zdolnosci diamentowych folii Sciernych do mikrowygtadzania
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In order to determine the micro-finishing abilities of diamond
abrasive films, surface topography was analyzed using confo-
cal microscopy OLS 4000 Olympus. In the analysis of stereo-
metric features of the abrasive surface, it was considered that
during the micro-finishing process the abrasive surface is
pressed against the workpiece. The procedure for determining
the changes in topography of the film surface in the treatment
area was developed as a result of elastic deformations of the
film carrier, the grain binding binder and the pressure roller.
New parameters for the activity of abrasive grains were devel-
oped and the values of grain hollows, depending on the pres-
sure value in the machining zone and the nominal size of the
grain (3, 9, 15, 30 pm) were determined.

KEYWORDS: diamond abrasive film, micro-smoothing, preci-
sion machining, finishing ability

Precision machining is carried out using the highest quality
abrasive tools [11]. In abrasive foils for smoothing, abrasive
grains are fixed on a flexible carrier in the resin bond layer [4].
In the machining zone, when the film is elastically pressed
against the surface of the object by means of a roller,
abrasive grains penetrate into the material being processed
[6] and move relative to each other - mainly in the normal
direction to the surface [1, 7]. The position of the abrasive
grains vertices in the machining zone differs significantly from
their position in the unloaded state [8]. The standard deviation
of the peak heights of the grains in the machining zone is
smaller than those determined in measurements of the film
topography [9]. The article presents the results of the
investigation of the contact zones of the grain peaks with the
processed material, taking into account the deformations of
the film in the machining zone. Diamond abrasive foils with
grain sizes: 3, 9, 15 and 30 ym were tested. Data regarding
the number of contact fields, the average contact area of the
wells in the workpiece and the average distance between the
contact areas allow to determine the ability of the film to be
smooth [5]. It is also possible to determine the active total
active surface of the
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film [3], taking into account the aforementioned data and the
distribution of pressures in the machining zone and the
relationship between the speed of surface displacement of
the object and film [2, 10].

Research on the ability to micro-smoothing abrasive
foils

The Olympus OLS 4000 confocal microscope from
Olympus was used to examine the topography of abrasive
foils with nominal grain sizes of 3, 9, 15 and 30 ym. In order
to map the machining conditions, i.e. the elastic pressure of
the abrasive film to the workpiece, a pressure simulation was
carried out in the Matlab computing environment. The elastic
pressure of the abrasive film ensures optimal utilization of its
processing potential.

The simulation results of the pressure of the tool with the
pressure roller are shown in fig. 2. The characteristics of the
contact zones for the depression of grains corresponding to
30% and 35% of the St parameter of the film surface were
determined. Fig. 2 indicates the contact of the abrasive foil
with the workpiece material: red - for the variant with no
pressure, black - for the variant with elastic clamp. It is
possible to observe a significant increase in the contact area
due to the deformation of the elastic film (fig. 2) and to reduce
the standard deviation of the abrasive grains tops in the
machining zone (fig. 10).

Fig. 1. Topography of an abrasive film with a nominal grain size of 3
pum. Decomposition of the surface for Woronoj cells, the center of
which is the peak of grains, and the image of the surface of grain
contact fields at a depth of 35% of the S; parameter of the film
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Contact zones for the depression of grains
corresponding to 30% and 35% of the St parameter of the 9IDLF surface
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Fig. 2. lllustration of the impact of deformation of 9 IDLF film in the micro-smoothing zone: a) image of contact areas in the treatment zone,
taking into account film deformation and displacement of abrasive grains, b) results of topographic film surface measurements

In order to quantify the abrasive film's capacity for
smoothing, the following parameters were determined:
number of contact fields (figs. 3-7), medium contact area
(figs. 3-6 and 9), average distance between contacts of
abrasive grains with workpiece (figs. 3-6 and 8) and the
scatter depth of the recesses (figs. 3-6 and 10) as a function
of the tip of the grain tips into the workpiece. The average
distance between contacts was determined using Woronoj
cells (fig. 1). On the surface of the film (taking into account its
deformations) the active tops were cut off - by means of the
surface typical of the surface condition during smoothing,
distant from the highest point by a certain fraction of the St
parameter value of the film surface. The tests were carried
out for hollows in the range of 0+35%. Geometric measures
of vertices were determined, which at the same time are
central points of Woronoj cells (fig. 1). Figs. 3-6 present the
developed parameters, used further to assess the smoothing
ability depending on the maximum penetration of the vertices
into the workpiece for subsequent abrasive foils: 3 IDLF (fig.
3), 9 IDLF (fig. 4), IDLF (fig. 5) and IDLF 30 (fig. 6). In order
to assess the diamond abrasive capacity of micro-smoothing
abrasive foils, the w index was developed, which allows a
comparative assessment of a film with a similar grain size.
This indicator also allows comparing the predicted velocity
reduction rate of inequality.

Parameters of the contact areas of abrasive grain 3IDLF with the surface
St(surface): 0.20887 um St(foil): 5.2186.m
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Fig. 3. Average contact area, the average distance between the
contact areas and the number of contact areas of the abrasive film
with a nominal grain size of 3 ym depending on the maximum depth
of grain in the workpiece

Parameters of the contact areas of abrasive grain 9IDLF with the surface
St(surface): 0.20887 um St(foil): 12.7525m
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Fig. 4. Medium contact area, average distance between contact
areas and number of contact areas of the abrasive film with a nominal
grain size of 9 ym depending on the maximum depth of grain in the
workpiece

Parameters of the contact areas of abrasive grain 15IDLF with the surface
St(surface): 0.20887 um St(foil): 23.0877 um
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Fig. 5. Average contact area, average distance between contact
areas and number of contact areas of the abrasive film with a nominal
grain size of 15 ym depending on the maximum depth of grain in the
workpiece
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Parameters of the contact areas of abrasive grain 30IDLF with the surface
St(surface): 0.20887 xm St(foil): 33.0867 zm
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Fig. 6. Average contact area, average distance between contact
areas and number of contact areas of the abrasive film with a nominal
grain size of 30 ym depending on the maximum depth of grain in the
workpiece
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Fig. 7. Number of contact areas of diamond abrasive foils with the
work material depending on the maximum depth of the grains
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Fig. 8. Average distance between contact areas of diamond abrasive
foils and workpiece depending on the maximum depth of grain
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Fig. 9. Average contact area of diamond abrasive foils with the
workpiece depending on the maximum depth of the grains
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Fig. 10. Standard deviation of the height of depressions in the
recycled material depending on the maximum depth of grains

TABLE. Values of w index for the tested diamond abrasive foils

Ww 14,68 0,85 0,26 0,17

The indicator developed is given by the formula:

_ Liew/Pi

WW hk*ahk’

where: Lk - normalized number of contacts, P« - normalized
mean contact area, hk - normalized average depth of grains,
onk - standardized standard deviation of height of active tops
for maximum micro-smoothing depth of 20% St folil;
normalization by specifying the degree of belonging to a
value between <0,1>.

Conclusions

o Number of contact fields in the function of the maximum
depth (in the range 0+35% St parameter of the foil) abrasive
grains with a nominal grain size of 3 ym in the micro-
smoothing zone grow linearly with simultaneous linear
decrease in the distance between the contact areas.

e« The number of contact fields in the function of the
maximum depth, in the range of 14+26% of the parameter St
abrasive foil 9 IDLF, does not change, which means that a
relatively small number of active grains is characterized by an
equalized penetration into the workpiece.

o For abrasive foils with nominal grain sizes of 15 and 30
um, the depth of micro-honing above 30% of the St foil value
should be used, which is caused by a small increase in the
number of contact fields below this value.

e For small grain hollows (small abrasive forces of the
abrasive film to the surface of the object), the total contact
surface area is greatest for 3 IDLF foil and the smallest for 15
IDLF foil (fig. 9), which means that the 15 IDLF foil can be
skipped in design sequential micro-smoothing operations.
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