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Abstract. The influence of the machining regime was experimentally investigated on the output indexes of the di-
amond grinding the ceramic balls from silicon carbide, such as the rate of the material removal and the rate of chang-
ing (decreasing or increasing) the deviation from sphericity of the ball's surface. To distinguish a particle of these in-
dexes as caused by the actual influence of the machining regime was applied a method of graphical approximation of
the time-varying ball’s diameter and deviation from sphericity. The separated particles of the process indexes can
vary both as growing and as decreasing depending on the values of the parameters of the machining regime, such as:
the discrete feeding of the diamond wheel to the cutting, the time of grinding between feedings of the wheel and the
rotation speed of the table with the balls. For further determining the influence of the machining regime was applied a
method of a complete factor-type experiment of type 2, in which the factors of the above parameters were specified.
As a result, the most effective way to reduce the deviation from the sphericity of the ball’s surface is to combine these
parameters.

Keywords: ceramic balls from silicon carbide, diamond grinding, rate of the material removal, rate of changing the
ball’s shape, machining regime, discrete feeding of the diamond wheel to the cutting, time of grinding between feed-

ings of the wheel, rotation speed of the table.

1 Introduction

Many branches of industry exploit a large number of
rolling bearings, pumps, hydromotors and other mecha-
nisms, the resource and reliability of which depend on the
efficiency and quality of parts such as “ball”. Now balls
are mainly made of steel and they are relatively quickly
failured in conditions of high loads, temperatures, as well
as intense abrasive, corrosion, chemical and other types

MATERIAL PROPERTIES

of wear. Replacing steel balls on ceramic in many cases
allows you to achieve higher performance and extend the
range of functionality of the devices in which they are
used. Thus, in hybrid ball bearings combination of rolling
ceramic bodies and high quality of surface of steel rings
(Figure 1) gives the advantages for longer service life and
better performance at high speeds.
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Figure 1 — Comparison of characteristics of hybrid and steel ball bearings [1]
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2 Literature Review

In the 1990s, the leading organizations of the National
Academy of Sciences of Ukraine contributed to the crea-
tion of effective ceramic and composite materials based
on boron and silicon carbides, as well as technologies for
manufacturing precision products of the “ball” type [2, 3]
that work in difficult operating conditions. Firstly, it con-
cerns materials based on boron carbide — it is the third
according to the hardness of a material after diamond and
cubic boron nitride, and one of the most inert chemical
compounds. It has high hardness, durability and unique
wear resistance under acting aggressive environments and
abrasive wear.

An important incentive for the development of modern
technical ceramics is the desire to develop a gas turbine
engine with a high efficiency for the aerospace industry.
The conditions of the bearings of the main shaft of such
engines — the shaft speed more than 30 000 rpm and tem-
peratures above 650 °C. At temperatures above 1 100 °C,
only ceramic materials are used because their higher
hardness than those of bearing steel or even cobalt alloys
and high-speed steels with high content of tungsten.

The most difficult in the manufacture of any ball bear-
ings is the abrasive machining the balls. The operational
properties of the bearings depend, first, on the perfo-
mance of their working surfaces, such as the precision of
machining, roughness and microstructure. The group
abrasive finishing of balls between rotating discs is the
most versatile operation of making balls and up to this
time attracts the attention of researchers [4—6]. At dia-
mond grinding or finishing ceramic balls are rolled along
the tracks of the lower disk without their mixing unlike
elevator abrasive machining the steel balls in mass pro-
duction when their mixing. Becouse of it is limited the
number of simultaneously machined ceramic balls by
their placement on the tracks of the lower disk and to
achive high accuracy the ball’s shape is difficult.

3 Research Methodology

3.1 Features of surface layer forming in
ceramic products from silicon carbide by
diamond grinding

As well as for any brittle nonmetallic material, the di-
amond grinding of ceramic products, in particular from
silicon carbide, is radically different from the abrasive
grinding of metals [7-9]. When the diamond grinding
brittle nonmetallic materials, there are an elastic-plastic
deformation without breaking, as well dispersing the
machining allowance at plastic deformation and brittle
breaking the material with particle chipping. The proba-
bility of one or another mechanism of the destruction of
the machining allowance is determined both by the phys-
ical and mechanical properties of the material and the
load on the diamond grain (depending on the machining
regime). A characteristic result of material removing
during diamond grinding are lateral breakaways and clus-

ter breaking on the surface layer, which are watched in
the form of cells of destruction, which most influence the
formation of the surface roughness [10]. In theoretical
study of interaction between grains of abrasive powder
and machined surface from brittle nonmetallic materials
is used the cluster model of formation and removal of
slime particles [11, 12].

The nature of the destruction of such brittle nonmetal-
lic material, which is a silicon carbide, depends mainly on
the magnitude of the normal force on diamond grains.
When the normal force achieves own critical value,
which is required for the formation of lateral cracks, the
destruction results by scraping. The critical force that
forms lateral cracks is determined by the dependence
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where k, — constant coefficient; K¢ — stress intensity
factor of the first type (critical intensity of cracking);
H\, — microhardness [13].

Proceeding from the physical and mechanical proper-
ties of the materials under consideration (Table 1), the
critical force that forms lateral cracks in the surface layer
of the hot-pressed silicon nitride is more than 2.3 times
for the reaction-bonded silicon carbide. Therefore, when
grinding carbide ceramics, the critical cross-sectional area
of the material on the diamond grain [10], which takes
place the breakaways, is smaller and, accordingly, several
times smaller than for nitride ceramics is required for the
cutting depth to appear the breakaways.

On the other hand, the critical size of the median frac-
ture, in which it begins to develop in a steady manner
during infusion, is inversely proportional to the square of
the material fragility index

kM
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where kj, — constant coefficient [13]. Experimentally
proved during diamond machining [10] that the magni-
tude of the maximum half-length of defects in the surface
layer of ceramics is linearly dependent on the critical size
of the median fracture during the indentation, in which
the crack develops. If the the index of fragility of the
material is smaller, and consequently, the magnitude of
the critical median fracture is greater when indenting,
than the higher the value should be expected both the
half-length of the maximum crack from the machining,
and the depth of the cracked layer. Therefore, based on
the data of the Table 1 under the same conditions of
grinding, the breakaways on the machined surface of
carbide ceramics should be larger, and the depth of the
cracked layer — on the contrary, less than that of the sur-
face of the nitride ceramics. At the same time, it should
be noted that the comparative analysis taken into account
only the physical and mechanical properties of the mate-
rials, but not the actual conditions of diamond grinding
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(machining regime, etc.), which determine the depth of
the cracked layer.

Taking into account the predisposition of the SiC-
ceramics to cracking, as well as the peculiarities of the
diamond grinding ceramic balls from silicon carbide, the

purpose of the work was to determine the influence of the
machining regime on the output indixes, such as the rate
rate of the material removal and the rate of changing the
deviation from sphericity.

Table 1 — Results of treatment of the wall thickness experimental measurements in cross sections of a tube

. Si;N,-ceramics SiC-cer?lmics
Indicator (hot-pressed) [10] (reaction-
bonded) [14]
Density, g/sm’ 3.1 3.12
Young's module, GPa 310 413
Microhardness H,, GPa 13.9 20
Bending strength o, MPa 690 370
Index of fragility H /K¢ 3.23 4.35
Critical stress intensity factor of the first type K;c, MPa/m™ 4.3 4.6

3.2 Experimental research

Investigation of the influence of the machining regime
on the output indixes of diamond grinding ceramic balls
from reaction-bonded silicon carbide carried out on a
modernized ball-grinding machine VS-D204M (Figure 2)
with the technological device for a placement of the balls
on its desktop, the scheme of which shown in Fig. 3

As can see from the machining scheme shown in Fig-
ure 3, the device separates the kinematic chains on that,
which realizes directly shaping, and on that, which realiz-
es portable movements from the chain for the grinding
process. Thanks to the device machining balls is carryed
out at optimal grinding speeds of 25-30 m/s and the
speed of moving balls of 0.15-0.30 m/s. In the experi-
ments, a diamond grinding wheel of 6A2T form was
applied with diamonds of grade AS32 with a grain size
250/200 of relative concentration of 100. The number of
balls in the batch, which was simultaneously machined,
was eight pcs.

The output indixes were the rate of the material re-
moval v,=Ad/t (rate of reducing ball’s diameter) and
the rate of changing of the ball shape vs=Ad/ ¢t (rate of
decrease or increase of deviation from sphericity). There
was studied the influence of such regime parameters as
discrete feeding of the wheel to the cutting sw, the time
of grinding between feedings to and the rotation speed of
the table with balls st. The output indixes of machining
process were counted after direct measurement on each
ball of its diameter and deviation from sphericity before
and after each experiment.

Measurement of the diameter of the ball was carried
out on a longitudinal vertical type of IZV-2 with division
value of measurement scale of 1 um. The diameter of the
ball was measured in 3 mutually perpendicular directions,
with the direction chosen arbitrarily. On the basis of
measurements, it was calculated the average diameter of
each ball and the average diameter of the balls in the
batch before and after each experiment.

Figure 2 — The location of ceramic balls in the device
on the ball-grinding machine VS-D204M
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Figure 3 — Scheme of grinding of ceramic balls in a device
with kinematically connected upper and lower disks
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Measurement of deviation from the sphericity of ball
surface was carried out by the indicating gage type
MIG-1 with division value of measurement scale of
1 um. The indicating gage was fixed on a magnetic tri-
pod. The measured ball was located on the base ring with
the outer and inner chambers, in order to get as close as
possible to the conditions of contact of the ball and the
ring around the circle. The base diameter of the ring was
chosen as the diameter of the circle inscribed in an equi-
lateral triangle, which in turn is inscribed in a circle with
a maximum ball diameter. As a result of measurements
when turning the ball on the base ring found the maxi-
mum and minimum value of deviation from the sphericity
of the ball surface. On the basis of measurements, the
average deviation on each ball was calculated as well as
the average deviation of the ball surface in the batch be-
fore and after each experiment.

Further, the actual influence was separated out of the
machining regime in the indicators of diamond grinding
of balls (the rate of reducing ball’s diameter and the rate
of changing ball’s shape), which occurs on the back-
ground of the general tendency to monotonically nonline-
ar decline of these indexes from its original value to the
level of the minimum possible value for this grinding
scheme and this processing time. This tendency is due to
our view, firstly, by the gradual transition from the ma-
chining of the weakened surface layer as a two-layer
combination of relief and cracked layers to the machining
of the material itself and the associated increase in the
physical and mechanical properties of the material being
processed, which leads to a decrease in the circumferen-
tial feed of grinding (i.e. speed of run-off on a wheel of
removed material) due to the self-regulation of the angu-

lar velocity of ball’s rolling under the action of friction-
coupling and cutting forces. Secondly, this trend is due to
the simultaneous monotonous increase in the proportion
of the machining time of the main material in the overall
time of the experiment.

To separate out the influence of the machining regime,
there was used method of graphical approximation using
a monotonous continuous time function of the mean val-
ues of the ball's diameter d,, and the deviation from the
sphericity of the ball's surface §,, both before and after
each experiment. The effect of the treatment mode was
considered to be the difference between the mean d,, or
d,, after each experiment and the value of the approxima-
tion function at this point of the total processing time.
The rate of reducing ball’s diameter and the rate of
change in the shape of their surface (in general, after
approximation and under the action of the machining
regime itself) were counted in pm/min after each experi-
ment, taking into account the time of the experiment.

As a method for further determining the influence of
machining regime on the indexes of diamond grindin%
ceramic balls, a complete factor experiment of type 2
was chose, since there was no quantitative assessment of
the degree of influence of factors. The experiment plan
envisaged the variation of all factors on two levels: the
discrete feeding of the wheel to the cutting s,, — 50 and
70 um, time of grinding between feedings to 10 and
20 min, the rotation speed of the table with balls s, —
35 and 85 rpm. The time for each experiment was
40 minutes. The matrix of experiment planning is given
in Table 2. It takes into account the interaction of factors.

Table 2 — Experiment planning matrix type 2* in relative values

Exp. no. X X X3 X1 X X1 X3 X5 X3 X1 X2 X3 | Alphanumeric characters y
1 -1 -1 -1 +1 +1 +1 -1 (D) Vi
2 +1 -1 -1 -1 -1 +1 +1 a b
3 -1 +1 -1 -1 +1 -1 +1 b V3
4 +1 +1 -1 +1 -1 -1 -1 c V4
5 -1 -1 +1 +1 -1 -1 +1 ab Vs
6 +1 -1 +1 -1 +1 -1 -1 ac Ve
7 -1 +1 +1 -1 -1 +1 -1 bc V7
8 +1 +1 +1 +1 +1 +1 +1 abc Vs
Based on the results of experiments, linear models of 4 Results

the output variables were constructed, taking into account
the interaction of factors in the form

y= b() + b].X] +...+ bkxk + bk+1X|XQ + ...+ bgk Xi-1Xks

in which coefficients of the linear model are calculated
by the formulas:

v, j=1k.

JI(+2)i

1 n
b :;;[Xﬁx(ﬂ,ﬁx X

According to the recommendations of statistical data
processing [15], in the calculation of the average values
of measured parameters — the ball’s diameter and the
deviation from the sphericity of ball’s surface, the results
were not found with a confidence probability of 0.95,
which are sharply distinguished among others. The vali-
dation of samples dispersion according to the Cochran
criterion showed that they are homogeneous — in Table 3
the results are given after calculating the samples disper-
sion in the measurements of 8 balls in each of the 8 ex-
periments, as well as before the start of measurements,
and in addition the results of their verification for homo-
geneity according to the Cochran criteria. If G < Gy,
then the samples dispersions are homogeneous.
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Table 3. Samples dispersion in 8 measurements for each of the 8 experiments, and before the start of measurements, their verification
for homogeneity according to the Cochran criterion

=] Dispersion of measurements on 8 balls Sample’s
g g dispersion Gos 2 | Gossuab
TE in the e atk =
g3 1 2 3 4 5 6 7 8 experi- | = 8, v=1
H ment Siz
Measuring the ball’s diameter, pm’
init.| 0.07877 ] 0.01702 | 0.00977| 0.12377| 0.00002 | 0.14102| 0.02627| 0.00827| 0.000058| 0.3483 | 0.6798
1 | 0.14400] 0.02500] 0.04900] 0.25600{ 0.19600 | 0.03600[ 0.00900] 0.02500[ 0.000106| 0.3460 | 0.6798
2 10.00306 | 0.03906] 0.01406] 0.06006/ 0.03306 | 0.00006] 0.01056| 0.08556| 0.000035| 0.3485 | 0.6798
3 10.04727 | 0.17227| 0.11827| 0.00977| 0.22877 | 0.01502| 0.08327| 0.35627| 0.000147| 0.3456 | 0.6798
4 10.00977 | 0.08327| 0.00127| 0.01702] 0.00827 | 0.01702| 0.19252| 0.02377| 0.000050| 0.5456 | 0.6798
5 10.05077 | 0.00352| 0.02377| 0.00827| 0.05077 | 0.00077| 0.00077| 0.00827| 0.000021| 0.0052 | 0.6798
6 10.01502 | 0.11827| 0.06202| 0.03752| 0.12377 | 0.02627| 0.06202| 0.06602| 0.000073| 0.0514 | 0.6798
7 10.00002 | 0.02627| 0.00002| 0.06602| 0.00827 | 0.00977| 0.03752| 0.39502| 0.000078| 0.0180 | 0.6798
8 10.00025 | 0.04225| 0.01225] 0.00225] 0.05625 | 0.00025] 0.00225| 0.00625| 0.000017| 0.0020 | 0.6798
Measuring deviation from sphericity, um’
init.| 63.57 2430 | 58.14 ]0.23 14.37 3.12 0.14 27.18 27.29 0.3327 | 0.6798
1 1.00 30.84 | 61.19 | 22.02 123.64 0.04 6.03 54.93 42.81 0.4126 | 0.6798
2 11.50 | 0.52 3.75 3.28 0.01 16.58 0.35 2.78 5.54 0.4276 | 0.6798
3 0.01 8.33 1.11 0.80 1.35 0.61 4.39 25.84 6.06 0.6090 | 0.6798
4 0.12 0.28 2.84 6.85 1.83 22.88 6.52 0.86 6.02 0.5426 | 0.6798
5 2496 | 4.90 2.92 16.38 13.92 0.36 5.93 1.16 10.08 0.3539 | 0.6798
6 0.76 2.88 0.66 11.58 0.21 10.28 0.01 17.26 62.35 0.3955 | 0.6798
7 2.84 3.51 0.64 9.07 2.58 6.85 2.38 2.58 4.35 0.2981 | 0.6798
8 1.41 0.09 1.26 7.66 9.31 1.81 0.55 2.97 3.58 0.3717 | 0.6798
Since the output variables of the grinding process are d. 4337 &, T700¢
estimated values based on each time on the measurement mm Lim
of the geometric indices mentioned in the research meth-
odology, the dispersion of reproduction in each experi- 47 84 5004
ment was counted as the average samples dispersion in
the current and previous experiments:
) 423 300
Srzepr = 5 (S[Z + Siz—l)
and the weighted average variance in the 8 experi- 4184 1005 P e 0 30
ments is £ min

1 N
2 2
S = 2 N
repr repri
NS

at degrees of freedom f,,,, = N (m — 1), where N — number
of experiments, m — the number of measurements in each
experiment.

The dispersion of the reproduction is calculated: for
the average diameter of the balls — 6.8452-107 and for
deviation from sphericity — 12.0663.

To determine the component of ball’s diameter and
deviation from sphericity whose change does not depend
on the influence of the machining regime is used the
method of graphical approximation for time changing
these indices (Figure 3).

Figure 3 — Dependence of the ball diameter d and the deviation
from the sphericity J from the time of grinding ¢

In Table 4 the calculated values of the rate of material
removal and the rate of changing ball’s shape are shown
under the action only the machining regime in the 8 ex-
periments.

Based on the results, linear models of the output varia-
bles in the normalized form are constructed taking into
account the interaction of the factors:

vy =0.0488 + 0.6426x; — 0.2113x, + 0.0363x; —
— 0.4129)(71)(724‘ 0.0895)&'1)&'3 + 0.0359.X2.X3 + 0.0105X1X2X3;

vs =—0.0207 + 1.3241x, — 0.6757x, — 0.019x5 +
+ 0.3691X|X2 - 1.9998)C])C3 + 0.7676)C2)C3 -0.1 17X1X2X3.
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Table 4 — Matrix of changing the factors in absolute values, the value of output variables

. ) The rate of reducing the ball’s | The rate of changing the ball’s
Discrete | The time of . . . e
. L Rotation diameter v, pm/min shape vs, pm/min
feeding the | grinding speed of
Exp.no. | wheel to |alls between tlll) tabl . under , under
the cutting | feedings ¢ table tota] | @PProxi- | effectof | | approxi- | effect of
Sy, LU f,, min S Ipm mated | machining mated | machining
regime regime
1 50 10 35 4.7 5.2 0.5 -3.3 2.0 -1.3
2 70 10 35 6.2 4.7 1.5 2.8 -1.5 4.3
3 50 20 35 3.8 44 —0.6 —6.6 -1.4 5.2
4 70 20 35 3.8 4.2 —0.4 1.2 -1.2 24
5 50 10 85 2.8 3.9 -1.1 —0.2 -1.0 0.8
6 70 10 85 4.8 3.7 1.1 -1.9 —0.9 -1.0
7 50 20 85 33 34 0.1 —0.2 —0.7 0.5
8 70 20 85 3.7 3.2 0.5 —0.9 0.5 —0.4

" the negative value means that the effect of machining regime leads to a decrease in productivity;
Hk . . . . .
the negative value means that the deviation from sphericity decreases.

The statistical significance of the coefficients of the
regression equations was checked by Student's criterion
on the basis of the inequality

- 2,1
TS

J

>t,(f),

in which S(b)) = S(y)/ \/ﬁ — mean square deviation
of coefficients, 7 (f) — table value of Student's criterion

at p = 0.95 for v,, and at p = 0.80 for vs at the number of
degrees of freedom f=N (m — 1).

If the inequality is fairly then the coefficient differs
significantly from zero.

Median deviation of regression coefficients: for medi-
um balls — 3.2704-107, for deviation from sphericity —
0.4343.

The result of checking the statistical significance of the
coefficients of the regression equations in real values
(Table 5): index v, — 5 statistically significant coefficients
(by, by, by, bs and be) from 7, and index vs — 4 coefficients
(b1, by, bs and by).

Table 5 — Calculated and tabular values of Student’s criterion from checking
the statistical significance of the coefficients of the regression equations

telebl'l/S(b,') f tcmblo o5 tctablo 20
or p = 0.95|for p =0.
b, ‘ by ‘ bs ‘ by bs ‘ be ’ b | and f=56 | and f= 56
Va
198 | 65 | 1,1 | 126 | 27 | 94 | 03 [ 20031 | -
Vs
30 [ -1 [ 00 [ 09 | 46 | 18 | 03 | - ] 1299

To verify the adequacy of the obtained regression
equations according to the Fisher criterion, the variance
of the adequacy of the calculation results was firstly cal-
culated according to the model’s experimental results
(Table 6)

2 m <G 2
S"dzﬁzl(yi_yj) P

in which y; — the result of calculating the value of the
model; [ — number of significant coefficients of regres-
sion equations.

Regression equations are adequate to experimental re-
sults if the condition is fulfilled

2

Sac
271 < Fl—p (fad’ frepr)’

frepr

F =

in which F,_ (f,,. f..,,), — tabular value of Fisher’s

criterion at p = 0.05 and numbers of degrees of freedom
fad = (Nf l);frepr = N(m - 1)

Since for the obtained regression equations the above
condition is satisfied by Fisher’s criterion, we conclude
that the regression equations are adequate for experi-
mental results.
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Table 6 — Calculation of statistical variables for checking the adequacy of regression equations to experimental results

Indicator Vg Vs
Dispersion of reproduction S,.,, 6.8452-10° 12.0663
Dispersion of adequacy S,,° 0.0188 4.950 0
Calculated Fischer's F-criterion f = Sadz 1S epr 2 0.669 0.133
Tabular value of F-criterion at p = 0,05 and numbers of degrees of 2.774 2.536
freedom foy = (N = ). frep = N(m — 1) (Far=3 S =56) | fur =4 fropr = 56)

Taking into account the results of the adequacy check-
ing, the models of output variables in the normalized

form have been constructed:

vy = 0.0488 + 0.6426x; — 0.2113x, — 0.4129x,x, +

+ 0.0895xx3 + 0.0359x,x3;

vs =-0.0207 4+ 1.3241x; — 0.6757x; — 1.9998x1x; +

+ 0.7676)62)63.

The same models in real sizes have the form:

Vi,
Lm/min
1\\ ]
3 {
x ] - f
W A
i A s A

5 S
um .

T :
T mleg™H

vy =0.04883 + 0.01071s,,— 0.01409¢, — 0.00046s,,t, +

+ 0.00002s,,s, + 0.00034¢,s;;

vs =—0.0207 + 0.0221s,, —
+ 0.0009¢1,s,.

0.045¢, — 0.0006s,,s; +

On the basis of the obtained models, graphs of func-

tion are constructed v,(s,.t,),

Va(SysS)s  Va(snt,) and

Vo(tosSiw)s Va(SiSw), Vs(Snl,) (Figures 4, 5).

31
Vi,
 lm/min \1
| 3
! L
{
. 1
fi5] n
| ezl 15
e L

b

¥a,

4 Hm/min

5
i
1 i
T el

T - P T
LS e o

C

Figure 4 — Dependencies of the index v, from the value of feeding the wheel to the cutting s,, and the time of grinding 7, (a)
at the rotation speed of the table s, 35 rpm (1) and 85 rpm (2); from s,, and s; (b) at 7, 10 min (1) and 20 min (2);
from 7, and s, (c) at 5,, 50 (1) and 70 um (2)

s n
. ¥ : | & ol
i |

[ /min

Vi,

T

Figure 5 — Dependencies of the index vs from the value of feeding the wheel to the cutting s,, and the time of grinding 7, (a)
at the rotation speed of the table s, 35 rpm (1) and 85 rpm (2); from s,, and s, (b) at #, 10 min (1) and 20 min (2);
from 7, and s, (¢) at s,, 50 (1) and 70 um (2)
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5 Conclusions

As can be seen from the graphs in Figures 3 and 5, and
Table 4, for the diamond grinding ceramic balls the effect
of the machining regime on the rate of changing the devi-
ation from sphericity (which estimated by the negative
value of the index vs) should be considered in two ranges
of variance of deviation from sphericity. If the range is
above 300 um then the effect of the machining regime is
more significant. If the range is below one the effect is
less significant. To reduce the deviation in the first range
is possible by the simultaneous decreasing the feeding of
the wheel to the cutting s,, up to 50 um and the rotation
speed of the table s, up to 35 rpm with increasing the time
of grinding 7, up to 20 min. This machining regime will
ensure changing vs; in the range from -1.3 to
—5.2 pm/min. In the second range, on the contrary, the
simultaneous increase of the specified parameters within
the studied range will be effective at increasing s,, up to
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70 um and s, up to 85 rpm and decreasing 7, up to 10 min,
that will provide changing vsin the range from —0.4 to
—1.0 pm/min.

At the same time, the growth of the productivity
(which estimated by increasing the index v,) should be
expected at increasing the feeding of the wheel to the
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duced (Figure 3, 4, and Table 4). Since the strategic goal
of the diamond grinding ceramic balls is primarily to
achieve the maximum possible rate of decreasing the
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the acceptable process productivity, the current value of
this deviation should be taken into account. Depending
on it, it is also necessary to choose the recommendations
for choice of the machining regime: more the deviation
from sphericity — lower the machining parameters so long
as the time of grinding between the feedings increases,
and vice versa.
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AJsiMa3He HUTipyBaHHSI KepaMiYHUX KYJIb 3 KapOily KpeMHil0
Coxans C. B., Maiictpenko A.JL., Kymuu B. I'., Copouenko B. I'., Bo3uuii B. B., l'amanrok M. I1., 3ybaneB €. M.

[HcTuTyT HanTBepANX MatepianiB iM. B. M. Bakyns HAH Vkpainu, Byn. ABTo3aBonceka, 2, M. Kuis, 04074, Ykpaina

Anoranist. J[oCImi/UKeHO eKCIEepHMEHTAIbHO BIUIMB PEXHMY OOpOOKM Ha TOKa3sHHKH IIPOIECY aJIMa3HOTo
nutipyBaHHA — KepaMiuHUX Kyidb 3 KapOigy KpeMHil0: IIBUAKICTH 3HIMaHHA HPUIYCKYy 1 LIBHIKICTb
3MEHIIICHHs1/301IbLIICHHST BiAXHJICHHS BiJl CEpPUUHOCTI MOBEPXHI KyJb. 3alPONOHOBAHO METOAUKY BHOKPEMIICHHS 3
LMX MOKA3HUKIB YaCTKH, 00YMOBJIEHOI BJIacCHE BIUTMBOM PEeXHMY 00poOKH. ISl IbOro 3aCTOCOBAHO METO rpadivyHol
ampokcHManii 3MIHIOBAaHHS y 4aci AiameTpy Kyl 1 BiIXWIeHHS Bix chepuyHocTi. BeranosneHo, mo BHOKpeMIiIeH1
YaCTKH IOKa3HUKIB IPOIECY MOXKYTh 3MIHIOBAaTHCS K y OiK 3pOCTaHHs, Tak i OIK 3HI)KEHHS B 3aJI€XKHOCTI Bif
3HAUeHb IapaMeTPiB PEeXXUMY 0OpOOKH, SK-OT: TUCKPETHOI IMojadi alnMa3HOro Kpyra Ha Bpi3aHHS, YacTOTH IOjadi
Kpyra i mBHIKOCTI OOepTaHHSA CTONA 3 KYIAMH. SIK METOJX MOJaibIIOro BH3HAYEHHS BIUIMBY PEXUMY 0OpoOKH
00paHo MOBHUI (aKTOPHUI eKCIIepUMEHT THIly 23, B AkoMy (akTopaMu Oynu BKa3aHi BHIIE IapaMeTpH PEXUMY
00po0OKkH. 3HaiiieHo HaOIIBII eheKTHBHE U1 3MEHIICHHS BIIXWICHHS BiJ CEpHUYHOCTI MOBEPXHi KyJIb NOETHAHHS
[IUX TapaMeTpiB.

KorouoBi ciioBa: kepamiuni Kyni 3 KapOimy KpeMHIlO, ajqMasHe NUTiyBaHHS, MapaMeTpH PEeXHMY 0OpoOkwu,
IIBUKICTH 3HIMaHHS MIPUITYCKY 1 IIBUIKICTH 3MIHIOBaHHS ()OPMH IIOBEPXHI KYIIb.
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