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1. INTRODUCTION

In case of ceramic material grinding there are specific phenomena different
completely from the case of metal grinding.
The workability of ceramic materials depends on obtaining flawless products.
The instability of geometric and technologic parameters is the main cause that
leads to occurrence of flaws such as cracks, fractures and material breaking.
Among the phenomena that occur during fine grain grinding of ceramic materials
are:
- chip formation by appearance of scale-like material particles because of the cracks
generated by the cutting force
- state modification of the material in the contact zone due to structure sagging which
appears as a net of cracks after elastic recovery
- elimination of irregularly shaped particles due to shocks generated by entry or exit
of the tool
- damage to the tool cutting edges which increases proportionally with the granularity
of the workpiece material
In order to minimize the negative influence of these phenomena it is necessary to
research the connections among the grinding parameters and the roughness of the ground
surfaces.

2. THEORETICAL CONSIDERATIONS

Previous research indicates that the maximum undistorted cutting depth depends
on a series of cinematic parameters of both the grinding machine and the tool.
The work schematic is presented in fig. 1:
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Fig. 1 Ceramic material grinding schematic
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where:
hmax - maximum undistorted cutting depth (mm)
VT - table translation speed (mm/sec)
Vi - peripheral speed of abrasive tool (mm/sec)
ae - cutting depth (nm)
dw - diameter of the abrasive tool (mm)
C - density of abrasive grains (g/mm?)
r - chip width over medium undistorted thickness ratio

We are interested in the residual depth of the grinded surface as function of the
grinding parameters as well as the area of the transversal section of the ground surface.

We have:
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where:
am - area of chip transversal section (mm?)
VT - table translation speed (mm/sec)
Vi - peripheral speed of abrasive tool (mm/sec)
Cw - diameter of the abrasive tool (mm)
ae - cutting depth (mm)
C - density of abrasive grains (g/mm?)
and:
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where hsg - residual depth of ground surface (nm)
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3. EXPERIMENTAL RESEARCH

The tested material is hot pressed silicon nitride (HPSN). The parameters employed
in the experiments are identified in table 1:

Size of abrasive grain | Table advance speed | Cutting depth

(mm) vt (Mm/s) ae (Mm)
1 5.1 7.6 1340
2 50.8 7.6 2540
3 152 4.5 1340
4 87.5 7.6 2540
5 249 7.6 2540
6 337 7.6 2540

Table 1

By specific means and calculations were determined the other parameters
corresponding to the testing conditions in accordance with table 2:

Maximum undistorted Residual thickness of Chip section area

chip width ground surface am (M?)
Nmax (MM) hs (mm)

1 74520 7.2240° 0.0179

2 135140 0.47207° 0.0457

3 160020 0.9207° 0.0638

4 207940 0.240° 0.1081

5 280540 0.8407° 0.7968

6 338040 0.00120° 0.2861

Table 2

The density of the abrasive grains was C = 49.91 g/mm?, cutting tool diameter
dw =40 mm, and chip width to medium undistorted thickness ratio r = 15.

The goal of experimental research was to analyze the effect of the grinding -specific
parameters (hmax, hs, @am) on the HPSN ground surface roughness. It was used a synthetic
non-water interfering abrasive fluid.

The variations of the surface roughness R, obtained are presented in figures 2 - 4:
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Fig. 2 Ra = f(Nmax)
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Fig. 4 Ry =f(am)

The roughness values in the six measurement points are given in table 3:

1 2 3 4 5 6
Ra(mm) | 5407 | 254072 | 43407 | 29407° | 40407 | 45407
Table 3

4. CONCLUSIONS

The previous graphs were obtained by means of ' degree polynomials (linear
regression) producing a linear dependency which minimizes the sum of squares between
the approximation line and the %iven points.

Also using 2", 5™ and 7" degree polynomials (polynomial regression) determined a
better approximation of measured data. The best approximation was obtained when the
polynomial degree is close to the number of measured values. The dependency
Ra = f(hmax) indicates good approximation in the interval hne 1 (5..20) © 10 (mm), while
Ra = f(am) indicates good approximation in the interval an 1 (0..200) © 1078 (mm). The real
profile of the finished surface is shown in fig. 4 where R, = f(hs) presents the best
approximation in the interval hs T (0..3000) © 10™*® (mm).

The finished surface profile also indicates the interval in which ceramic material
grinding presents the best stability from dynamic point of view.
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