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Optimization of kinematic parameters

in single-sided lapping

Optymalizacja parametrow kinematycznych
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In this paper the influence of selected kinematic
parameters on the geometrical results of the single-
sided lapping process was presented. The purpose
of parameters optimization is to improve the flatness
and quality of the machined surfaces. The basic
optimization criterion is the uniformity of tool wear.
The simulation and experimental results were
presented and compared.
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In the lapping of flat surfaces, it is crucial to maintain
the proper condition of the tool. The lapping plate has a
significant effect on the dimensional accuracy and shape,
as well as on the surface finish quality of workpieces.
The main problem that occurs in 1-plate lapping is the
uneven wear of the lapping plate resulting in the
following flatness deviations: concavity, convexity or axial
run-out of the work surface [1-3]. In addition, the lapping
process depends on many input parameters. For better
performance, research should focus on improving its
components or developing new kinematic solutions.

One of the basic mechanisms in the lapping process
is the micro-grinding of the material by the abrasive
grains. In order to determine the influence of kinematic
parameters on the uniformity of wear, numerical
simulations of moving grains trajectories are performed.
Changing kinematic parameters, such as tool and
conditioning rings revolutions, or changing the position of
the rings on the plate, changes the shape of these
trajectories and thus their density [3-5]. In practice, only
the conditioning rings are used in the single-sided
lapping to maintain the flatness of the plate. The
conditioning time and ring position are controlled and set
by the machine operator [1, 6].

The purpose of the work is to verify the influence of
additional conditioning ring movements in the flat surface
lapping system and to develop an unconventional 1-plate
lapping system that will control the position, speed and
acceleration of the conditioning ring. The system is
designed to minimize errors and distortions occurring on
the working surface of the lapping plate. The article
presents the influence of selected kinematic parameters
on the results of the lapping process and optimization of
these parameters was performed. The basic criterion
was the uniformity of tool wear.
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1-sided lapping parameters

The lapping process is very complex and it affects a
lot of factors. The input and output parameters of the 1-
plate lapping are shown in fig. 1. The quality of the
geometric surface, tool wear, and process efficiency
depend to a large extent (as in all machining operations)
on the tool itself (i.e. its geometry and the material from
which they were made). In addition, the flatness of the
tool is mapped onto the surface of the workpiece [7].
Abrasive slurry is also important in abrasive processing -
its concentration and volume, and the type and size of
grains [8]. Geometry and workpiece material are also
important. In addition, the pressure force [9] and the
rotational speeds, which are closely related to the
parameters and kinematics of the machine tool, have a
significant effect on the state of the tool, the quality and
the machining efficiency [5, 7, 10].
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Fig. 1. Input and output parameters of the 1-sided lapping
process

Model of the lapping plate wear

Most developed wear models of the lapping plate
assume that the intensity of wear depends on the
intensity of the tool contact with the workpiece through
abrasive grains [7, 10]. One way to determine the
intensity of contact is to calculate the density of the
abrasive grains. It can be predicted that during the
lapping process, there are over one million active



abrasive grains. However, due to the calculation time,
the appropriate number of grains should be determined,
which reflects the actual number.

Fig. 2 shows an example of calculating the wear of the
lapping plate for 5 randomly selected grains. At the initial
stage, the grains position in the conditioning ring is
generated by a random function (fig. 2a). Then the
trajectories of the grains are calculated on the basis of
the kinematic equations [4, 5] (figs. 2b-c). The
interpolation function is used to calculate the set of points
that are equally spaced from each other (fig. 2d). The
plate area is divided into small squares of equal area. At
the last stage, the path density is calculated by means of
a statistical function that approximates the total number
of points in each square of the surface of the plate (fig.
2e).
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Fig. 2. Steps for determining the density of the trajectory on the
lapping plate: a) generation of random abrasives grains, b-c)
generation of trajectories, d) interpolation of trajectories, e€)
calculation of trajectory density on the lapping plate, f) profile
trajectory density

To determine if the wear causes a concave or
convexity of the plate, the intensity of contact is
determined for the profile of the plate. This can be
achieved by dividing its surface into equal rings of width
r. The trajectory density is a measure of the points in the
corresponding area (fig. 2e) and can be determined from
the equation:

— i _ nj
Di = A=Ay (2i-1)mr2 (1)

where: n; - number of points in the A field.
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The amount of tool wear in the lapping can be
described using the Preston tribological model [11]. On
the other hand, the equation of the material removal
intensity of the grain within each ring, which takes into
account the intensity of contact and the velocity of any
point on the lapping plate, is:

kp L v;
= Gimom? (2)

where: k - Preston coefficient, p - unit pressure, v - speed
of the analyzed point.

In 1-single lapping, the k-factor and the p-force are
constant over time. Therefore, when comparing different
systems, these values can be omitted. The S standard
deviation of all H; values is given by the formula:

New._igy2 .
5, = [ (=1,2,3.. N) 3)

N-1

where: H - mean value of the abrasion intensity, N - total
number of areas, the lapping plate was divided to [10].

Optimization of kinematic parameters

Analysis of 1-sided lapping kinematics showed that
the basic kinematical parameters have a great influence
on the distribution of the abrasive grain trajectories and
their speed. In order to maintain the proper flatness of
the tool, it is crucial to select the appropriate parameters
and optimize them.

The main optimization criterion is the uniformity of the
lapping plate U (maximum value sought):

U= (1 - q—r_?) +100% (4)

In order to simplify the optimization of kinematic
parameters for 1-single lapping — for standard and
reciprocating movement [5] - two dimensionless
parameters - k; and k, — were determined:

ky =22

g (5)

TR _ 4w
kz - Tr VR T (6)
where: w, - angular speed of the guide ring, w;, - speed of
the lapping plate, d — duration of the reciprocating speed,
Tr - period of the single movement of the conditioning
ring, T+ — period of single rotation of the lapping plate.

The results of simulating the lapping plate wear
uniformity for 1000 randomly generated abrasive grains
are shown in fig. 3 and fig. 4. Uniformity is calculated for
a plate with an external diameter of 350 mm and an
internal diameter of 88 mm. The simulation time was 60
S. The results show that in order to obtain higher
uniformity of consumption in the standard system the
parameter k; should be about 0.6+0.9. It has been
observed that the trajectories of abrasive grains for these
values are pericyclic. For the reciprocating system, the
suggested parameters are k; = 0.7+0.75 and k, = 1+2.
The resulting uniformity is 10% higher than that of the
conventional system.
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Fig. 3. Graph of wear uniformity U with respect to parameter k;
for standard 1-disc lapping system (1000 random abrasive
grains, radial guiding radius R = 125 mm, simulation time t = 60
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Fig. 4. Graph of wear uniformity U with respect to parameters k;
and k; for 1-disk lapping system with reciprocating guide ring
(1000 random abrasive grains, simulation time t = 60 s)

Experiment results

Experiments were divided into 3 cycles and carried
out at a specially constructed laboratory machine [5].
Parameters for each cycle are shown in the table. In
each of them, the lapping plate were machined for 30
minutes. The amount of lapping plate wear was
measured using a sensor that forms part of the test
bench. Measurements were made at 10 points spaced
15 mm apart one another. The results are shown in fig.
5. The standard deviation, which was 0.0031 mm, 0.0020
mm and 0.0013 mm, was calculated for each cycle to
determine the uniformity of lapping plate wear along the
radius for each cycle.

TABLE. Kinematic parameters in subsequent cycles
of experiment
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Fig. 5. Lapping plate wear after 3 working cycles: a) profile
wear, b) wear shape after first cycle (without additional
conditioning ring) c) wear shape after third cycle (with
reciprocating conditioning ring)

Conclusions

It has been noted that the introduction of additional
conditioning ring movement in the 1-sided lapping
system allows for a more even wear of the lapping plate.
The preferred kinematic parameters for the reciprocating
system are k; = 0.7+0.75 and k, = 1+2. In addition,
experimental studies were carried out for standard and
reciprocating systems. Of all cycles, standard deviation
reached the lowest value for cycle lll, using the preferred
parameters - in this case, the wear profile was most
uniform.
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