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MATHEMATICAL MODELING OF THE SURFACE ROUGHNESS
OF THE GRINDING WHEEL DURING STRAIGHTENING

Purpose. Research on the mechanism of influence of the straightening conditions of the grinding wheel, including the relative
oscillations of the wheel and a multipoint diamond dresser, on the roughness of the ground surface and other machining results.

Methodology. Straightening a grinding wheel with a multipoint diamond dresser is a process of high-speed destruction of a
hard, abrasive material and its bond under the instantaneous forces, abrasive grains with a hard surface of a diamond crystal. Dur-
ing the grinding wheel straightening, the total component of normal forces causes correspondingly less elastic deformations in the
“wheel —straightening tool” system, which increases the accuracy of the geometric shape of the grinding wheel working surface.

Findings. The research results make it possible to determine the parameters of the surface roughness of a workpiece and to find
ways to control it to increase the efficiency of the grinding process.

Originality. The regularities of the influence of the grinding wheel straightening conditions on the state of its working surface
have been established. The paper shows that the initial arrangement of grains along the normal to the surface of the wheel is deter-
mined by its characteristics. When the abrasive grains hit the surface of the straightening tool, some of the vertices are chipped off,
as a result of which the density of the grain vertices on the outer surface of the wheel increases. The straightening process was fur-
ther developed in the direction of the non-uniform character of the location of the vertices of abrasive grains. The distribution of
the grain position at the wheel bond depends on the straightening conditions. Since the removal of the allowance in the process of
grinding is carried out by the most protruding grain vertices, then, consequently, the result of grinding will depend on their location
and the conditions for the wheel straightening.

Practical value. Application of the research results obtained in the work, namely, mathematical modeling of the surface rough-
ness of the grinding wheel during straightening, makes it possible to calculate the roughness parameter of the ground surface. The
work also shows that the level of chipping of the grain vertices depends on the grinding wheel straightening conditions, in particu-
lar, on the value of the axial feed of the straightening tool. In this case, lower stresses arise in the grains and the bond, and the tool
works as a harder one. Straightening conditions affect the stability of the grinding wheel and its self-sharpening process in the

machining zone. This determines the significant role of straightening in the results of the grinding process.
Keywords: profile deviation, straightening conditions, grinding wheel

Introduction. An integral part of the grinding process is the
grinding wheel straightening, which largely determines the
machining results. The wheel straightening is necessary not
only to give the working surface of the grinding wheel a given
geometric shape. It is known that the straightening process
conditions depend on the consumption of the abrasive tool,
the state of its working surface, its cutting properties, and,
consequently, the roughness of the surface of the workpiece
being ground, the quality of its surface layer, its productivity,
and the cost of machining. So, only by changing the longitudi-
nal feed during straightening, the roughness of the ground sur-
face can vary from R, 2.5to R,0.05 um [1]. The wheel straight-
ening conditions have no less significant effect on the grinding
accuracy and the physical and mechanical state of the surface
layer of the workpiece [2]. Grinding wheel consumption dur-
ing straightening ranges from 50 to 95 % of its net volume [3].
Depending on the various types and conditions of grinding,
the straightening time ranges from 10 to 80 % of the techno-
logical time. As a result, 5—70 % of the cost of the grinding
operation is the cost of the grinding wheel straightening [4].
Thus, increasing the efficiency of the grinding process is large-
ly associated with the research and improvement of the
straightening processes for grinding wheels, with the rational
use of modern straightening tools.

The most common type of straightening tool is a multi-
point diamond dresser. The widespread use of the multipoint
diamond dresser in production is facilitated by its versatility,
ease of use, relatively low cost, and high wear resistance. Apart
from geometric factors, the results of the grinding process dur-
ing straightening with the multipoint diamond dresser are
likely to be influenced by many other factors. The simplified
representation of the surface of the grinding wheel in the form
of a helical line [5], in particular, cannot explain the fact that
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under the same straightening and grinding conditions, the
roughness of the ground surface is different. Even in different
sections of the same surface, the height of microroughnesses
can differ several times.

During the straightening process, the vibrations of the wheel
and the straightening tool always take place, which can have both
positive and negative effects on the machining results. The fact
that these vibrations have an impact on the results of grinding is
evidenced by, at least, the experience of using ultrasonic straight-
ening of the wheel [6], which allows reducing the roughness of
the ground surface and the temperature in the cutting zone.
However, the mechanism of the influence of the relative oscilla-
tions of the grinding wheel and the straightening tool in the
straightening process on the grinding results remains unclear,
and this makes it difficult to find rational ways to control these
oscillations and to increase the efficiency of the grinding process.

This work is devoted to the analysis of progressive process-
es of the grinding wheel straightening. Particular attention is
paid to studying the mechanism of the influence of the multi-
point diamond dresser vibrations during straightening on the
state of the working surface of the wheel and the grinding re-
sults. New progressive methods for straightening the grinding
wheel have been considered, the optimal conditions for their
implementation have been determined.

Literature review. Currently, the most common type of
straightening tool is a diamond tool.

In the straightening process, simultaneously with the de-
struction of the surface of the grinding wheel, the diamond
wear occurs. The reason for diamond wear is the numerous
impacts of abrasive grains of the grinding wheel on its working
surface, as well as the friction of the diamond on the filled
wheel surface [7].

The intensity of diamond wear is influenced by the charac-
teristics of the grinding wheel, straightening modes, the shape
of the diamond, and its position relative to the wheel.
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The area formed in the process of diamond wear has a
great influence on straightening quality. However, diamond
wear is hundreds of times less than that of monolithic carbide
discs.

The high wear resistance of the diamond straightening tool
and low forces during straightening, the rigidity and simplicity
of the design ensured high precision of the polished products
and a wide spread of diamond straightening. For abrasive
wheel straightening, multipoint diamond dressers, straighten-
ing diamonds, diamond needles, plates, combs, rollers, and
others are used. The best raw materials from the entire range of
synthetic polycrystalline diamonds are currently SV (CB) and
ASPK (ACIIK) materials. Their performance is at the level of
natural diamonds. A variety of tools made of cubic boron ni-
tride have become widespread.

High machining accuracy, according to [8], is obtained
with wheels straightened with diamond rollers. At the same
time, the average deviation from the cylindricality of the pol-
ished surface of the workpiece ranges from 5 to 10 um, which
is 3—6 times lower than during straightening with carbide roll-
ers.

The roughness of the surface to be ground largely depends
on the straightening scheme and the grinding method. During
plunge straightening, the microprofile of the roller is copied
onto the abrasive wheel, therefore, during plunge grinding, the
size of diamonds and their concentration in the roller signifi-
cantly affect the roughness of the machined surface [9].

During straightening on the pass, the roughness of the ma-
chined surface does not significantly depend on the size of the
diamonds, which makes it expedient to equip the rollers with
coarse grains to increase their wear resistance without a no-
ticeable decrease in roughness. In this case, with different
grinding schemes, the roughness of the processed surface is
within the same parameter.

The value of the traverse and the longitudinal feed of the
diamond roller has no significant effect on the surface rough-
ness of the part and, as follows from [10], is in the range of R,
0.4—0.8 pm. According to some reports, during the straighten-
ing of the wheel with a diamond roller with blunt diamond
grains, it is possible to achieve a roughness of the ground sur-
face R, 0.25 um.

Straightening of grinding wheels with diamond rollers is
carried out with abundant cooling at a liquid pressure of 2.1—
6.3 Pa. Their service life is influenced by the longitudinal feed
and the traverse, straightening speed, grain size, and other pa-
rameters. In most cases, the service life of diamond rollers
ranges from 10 000 to 100 000 workpieces.

The use of diamond rollers, the profile of which is a shaped
surface corresponding to the workpiece, allows the straighten-
ing of grinding wheels by the plunge-in method, which makes
it possible to significantly increase the productivity of the
grinding process and simplify the design of the machine. The
disadvantage of this method of wheel straightening is the high
cost of the diamond roller. Therefore, at present, it is econom-
ically feasible only in conditions of mass production.

Efficient tools for profile straightening of grinding wheels
are diamond combs, bars, plates, and cutters, the working part
of which consists of small diamonds firmly interconnected by
a special alloy. The roughness of the machined surface de-
pends on the characteristics of the diamonds used in the tool
and on the straightening modes and reaches R, 0.63 um. The
maximum profile accuracy is within the range of 0.015—
0.02 mm. The widespread use of the above tool is limited by its
high cost.

The multipoint diamond dresser is a universal and thus the
most widespread type of straightening tool. Its advantage is the
ease of use, high wear resistance, and relatively low cost.
Therefore, in recent years, much attention has been paid to
improving this type of straightening tool and studying the in-
fluence of the straightening process with this tool on the grind-
ing results.

One of the ways to improve the performance of diamond
straightening dressers is the preliminary metallization of rough
diamonds. The use of diamonds with a coating that forms a
continuous film connected to the surface of the crystal con-
tributes to a stronger fixation of diamond grains in the bond,
reduces the destruction and chipping of diamonds in the work
process. As a result, the wear resistance of such a tool increas-
es 1.2—1.4 times as compared to a similar tool made of ordi-
nary diamonds.

The straightening conditions of the multipoint diamond
dresser have a great influence on the grinding results.

The wear of the grinding wheel is mainly influenced by the
temperature in the contact zone, the amount of pressure per
grain per time unit. The largest load is taken by the most pro-
truding grains and the grains that are at a depth hardly partici-
pate in cutting. Therefore, the coarser the straightening mode
is, the fewer grains are on the wheel surface, the more loads act
on them and the more significant the wear of the grinding
wheel occurs. This is well confirmed by the graph in Fig. 1,
showing the dependence of the wheel wear on the size of the
removed allowance and the straightening mode [11].

In the work [12], it is shown that the ratio of forces during
straightening and grinding has a significant effect on the ac-
curacy of the ground surfaces. Based on the obtained theoreti-
cal dependence and experimental work, the conclusion is
drawn: with an increase in the difference in forces during
grinding and straightening, the influence of the imbalance of
the grinding wheel on the waviness of the ground surface in-
creases. The smallest surface undulation occurs during
straightening with a force equal to the grinding force.

In this work, we will consider the process of straightening
grinding wheels as the process of forming a helical groove on
the working surface of the wheel, the profile of which coin-
cides with the profile of the diamond. In the process of grind-
ing, the helical surface of the grinding wheel is copied to the
ground surface, causing the formation of regular roughnesses
on it.

This approach made it possible to conclude that the ways
to reduce the roughness of the ground surface are based on a
decrease in the height and roughness width vs. straightening.
The main influence on the roughness of the ground surfaces is
no longer the grain size of the wheel, which is determined by
the grain size, but the straightening mode. A small straighten-
ing width makes a coarse-grained wheel appear to be a fine-
grained one, which significantly expands the range of applica-
tion of medium-grain wheels.

As a result of the study, a so-called “fine straightening
zone” of the grinding wheel carried out with the longitudinal
feed S, = 0.05 mm/r or less has been found. Using the indi-
cated feed rates on the final passes of the diamond, it is possi-
ble to obtain a surface roughness R, of 0.125—0.032 um and
geometric shape accuracy within 1-2 um with wheels of
40 grit on a ceramic bond.
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Fig. 1. Wear of the grinding wheel depending on the straighten-
ing mode
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The necessary conditions for finishing grinding are no vi-
brations, good condition of the spindle, careful balancing of
the wheel, the ability to carry out small longitudinal feeds with
uniform and smooth movement.

Thus, the most significant influence from the grinding
wheel straightening conditions on the roughness of the ground
surface is exerted by the value of the axial feed of the diamond
dresser and the degree of dullness of the diamond straighten-
ing vertex. However, the use of small values of axial feeds of
diamond during straightening is limited by a sharp decrease in
the productivity of straightening and grinding processes, the
danger of defects on the surface of the workpiece, the need to
use high-precision equipment, as well as to ensure the absence
of vibrations in the technological system.

Due to the above reasons, the method of “fine straighten-
ing” of the wheel has not received a wide practical application.
Attempts have been made to reduce the roughness of the
ground surface by changing the direction of rotation of the
grinding wheel in the process of straightening and the speed of
movement of the multipoint diamond dresser along the grind-
ing wheel generatrix. Such measures provide some reduction
in the roughness of the polished surface. However, this signifi-
cantly complicates the kinematics of the machine.

Research results on the influence of the relative vibrations
of the grinding wheel and the straightening tool during
straightening are very contradictory. Most researchers believe
that the vibration of the technological system during the
straightening process negatively affects the grinding results,
improving the roughness of the ground surface, increasing its
waviness.

In [13], as a result of probabilistic studies, it was found that
with insufficient rigidity of the straightening tool, the diamond
dresser can receive significant vibrations from the impact of
grains on it, as a consequence of which the density of the abra-
sive grains is reduced, the roughness of the ground surface in-
creases. However, this work assumes a random arrangement of
abrasive grains on the wheel surface, while during straighten-
ing of the grinding wheel with the multipoint diamond dresser,
there is a tendency towards their ordered arrangement.

As a result, the above studies do not explain the fact that,
in some cases, fluctuations of the multipoint diamond dresser
during the straightening process can have a positive effect on
the machining results of the workpiece. Thus, when applying
ultrasonic vibrations to the multipoint diamond dresser during
straightening of the grinding wheel, the roughness of the
ground surface decreases, and the grinding performance in-
creases.

A continuation of work in this direction was the develop-
ment of a device for ultrasonic straightening using a piezoelec-
tric transducer and generator. Consequently, with practically
the same output parameters of the grinding process, it was
possible to significantly reduce the dimensions and power
consumption of the generator during the ultrasonic method of
the wheel straightening, to avoid cooling the concentrator.
The oscillation frequency of the master oscillator was adjusted
by some modernization of the electrical circuit to achieve the
maximum oscillation amplitude of the diamond. The disad-
vantages of ultrasonic straightening of grinding wheels are the
complexity and cumbersomeness of the construction of the
straightening tool, high power consumption, the complexity of
setting up equipment, and its high cost. Therefore, it has not
found wide application in the industry.

However, studies on the ultrasonic wheel straightening
method have shown that applying certain vibrations to the
straightening tool can have a positive effect on the grinding
results. But the mechanism of this influence remains unclear,
which makes it difficult to find rational ways to control wheel
vibrations and the straightening tool during straightening and
to increase the efficiency of the grinding process.

Unsolved aspects of the problem. The use of traditional
straightening methods with the multipoint diamond dresser is

associated with many technological difficulties. In the process
of the abrasive wheel straightening, a helical groove is cut on
its working surface, which in the process of grinding is kine-
matically copied on the ground surface. As a result, it is neces-
sary to sharply underestimate the straightening mode to obtain
the minimum surface roughness of the workpiece. This, on the
one hand, leads to a decrease in the productivity of straighten-
ing and the grinding process as a whole, and on the other
hand, it causes the risk of burning on the workpiece surface.

Purpose. Research on the mechanism of influence of the
straightening conditions of the grinding wheel, including the
relative oscillations of the wheel and a multipoint diamond
dresser, on the roughness of the ground surface and other ma-
chining results.

Methods. A grinding wheel straightening with a multipoint
diamond dresser is a process of high-speed destruction of a
hard-abrasive material and its bond under the instantaneous
forces, arising from the contact of fast-moving abrasive grains
with a hard surface of a diamond crystal. During straightening
of a 25 grit of the grinding wheel with a peripheral speed of
25 m/s, the contact time of the abrasive grain with the dia-
mond tool is only 0.00001 s, which is significantly shorter than
the contact time during straightening by the rolling method or
the grinding method with non-diamond tools. Given this, the
total component of normal forces causes correspondingly
smaller elastic deformations in the wheel — the straightening
tool system, which increases the accuracy of the geometric
shape of the working surface of the grinding wheel.

Results. During straightening of the grinding wheel with
the multipoint diamond dresser, a helical surface is formed on
its working surface, which, during machining, is copied onto
the workpiece surface to be machined, mainly determining its
roughness. Fig. 1 shows a geometric diagram of the formation
of a ground surface during straightening of a grinding wheel
with a single diamond. After the wheel straightening with a
diamond with a radial feed S,,, and an axial feed S,,, a helical
groove appears on the surface of the wheel with a width 7= S,
and a depth 4,. During contact with a given section of the
workpiece, the abrasive wheel will rotate at a certain angle
relative to its axis, as a result of which its helical surface will be

displaced by some value / & - In Fig. 2, the solid line represents
the part of the radial section of the wheel that is in contact with
the given section of the part, and the dotted line represents the
same part of the wheel, but already coming out of contact with
this section when it rotates. In the case of plunge grinding,
during the movement of this section of the workpiece in the
contact zone with the wheel, a part of the metal from the lat-
eral surface of the section of the workpiece will be cut off, and
the height of the protrusion will decrease and become equal to
h,. If during the time of contact with a given workpiece cross-
section the grinding wheel had time to make a complete revo-
lution, then the side surface of the helical groove would cut off
the entire protruding part on the workpiece.

When grinding with the longitudinal feed, the height and
the roughness profile of the workpiece will also be influenced
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Fig. 2. Geometric diagram of the polished surface shaping dur-
ing the abrasive wheel straightening with a single diamond
in the absence of vibrations
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by the magnitude and the longitudinal feed direction S If
during the rotation of the grinding wheel to the contact arc
with the given section the workpiece moves in the longitudinal
direction by the amount of the helical line displacement, and
the velocity vectors of these movements coincide, then a full
profile groove will be cut on the ground surface.

In this case, the height of the microroughness of the work-
piece will be equal to 4, = h,. If the direction and the longitu-
dinal feed value of the wheel do not coincide with the direction
and magnitude of the helical line displacement during its rota-
tion, then the roughness height on the workpiece surface 4,
will be less than the depth of the helical groove 4,. The geo-
metric shape of the helical groove profile on the wheel working
surface, and, consequently, the workpiece roughness shape, is
largely determined by the geometric shape of the working sur-
face of the diamond straightening. Various researchers in dif-
ferent ways describe the geometric shape of the profile of the
working part of the straightening diamond. Some of them be-
lieve that a flat area is formed on the diamond working surface
during the straightening tool operation, and the size of this
area characterizes the wear of the tool. Others, when deter-
mining the wear of the diamond straightening surface, find the
presence of a bulge on that surface. Many researchers a priori
describe the shape of a diamond as a geometric figure [14].

Since various researchers did not come to a common opin-
ion regarding the shape of the diamond profile, special experi-
mental studies have been carried out to solve this issue. For
this purpose, BMI-Ts (BMHM-11) toolmaker’s microscope was
used. Using a microscope, the width b of the diamond pro-
truding profile was determined at various distances from its
vertice. The maximum value 4 was 50 pm since in most cases,
it is this part of the diamond grain that takes part in the grind-
ing wheel straightening.

Based on these measurements, we will further take the pa-

rabola b=2,/p,a asthe geometric shape of the profile of the

diamond vertex of the straightening dresser, and the degree of
dullness of the diamond will be characterized by the radius of
the vertex corner r, = K/8.

The considered geometric scheme of the formation of the
workpiece ground surface by the screw surface of the grinding
wheel is valid in the absence of vibration during the straighten-
ing process. In fact, in addition to longitudinal movement
along the grinding wheel profile, the straightening tool vertex,
under the influence of vibrations in the technological system,
will also perform relative movements in the radial direction of
the wheel, creating waviness along the helical line.

The location of the vertices of abrasive grains on the wheel
surface can be represented as the superposition of a random
component in the form of a sinusoidal surface on a determin-
istic periodic basis as a helical groove, which is formed as a
result of relative oscillations of the wheel and the diamond un-
der the dynamic sources.

The random component is generated by the imbalance of
rapidly rotating parts, the vibration of rolling bearings, uneven
movement of hydraulic drive elements, and so on.

One of the most important sources of these vibrations is
the impact of abrasive grains on the working surface of the dia-
mond during straightening. On impact with abrasive grit, the
multipoint diamond dresser is displaced radially and oscillates
around its midpoint. At a random time, the multipoint dia-
mond dresser will encounter the next abrasive grain, and, as a
result of this impact, the vibrations of the multipoint diamond
dresser can be increased or decreased.

Such vibrations from the impact of the grains on the
straightening tool surface can also be obtained by the grinding
wheel. However, due to its greater mass compared to the mass
of the straightening tool, these fluctuations will be less signifi-
cant.

If there are relative oscillations of the grinding wheel and
the multipoint diamond dresser during straightening, the ver-

tices of abrasive grains will no longer be located on the wheel
helical surface, as in the absence of these oscillations, but will
be displaced relative to this surface. In the process of grinding,
the vertices of abrasive grains protruding beyond the wheel he-
lical surface will leave random scratches on the workpiece sur-
face to be ground. The greater the diamond vibration ampli-
tude is, the deeper the scratches are left on the workpiece sur-
face by individual abrasive grains, and the greater the effect on
the resulting surface roughness of the workpiece is exerted by
its random component.

Mathematical model. Let us consider the formation of a
microprofile of the workpiece ground, taking into account the
lateral displacement of the helical surface of the wheel relative
to the workpiece surface during grinding.

According to the standard, the roughness average is de-
fined as the average value of the distances of the profile points
to its centerline at the base length. The position of the center-
line, with sufficient accuracy for practice, can be determined
based on the equality of the areas on both sides of this line.
Then we can write

R, =28, (k). (1)

where , is base profile length; S,(},,) is the total area of the
roughness ridges of a given workpiece cross-section at the lev-
el of the profile centerline within the base length.

Let us draw the coordinate axes from the vertex of the pro-
trusion formed by the helical surface of the wheel (Fig. 3): OX
axis — perpendicular to the ground surface; OY axis — parallel
to it. Let us calculate what the area of this protrusion at the
centerline level is.

Fig. 3 shows that S,(A,,) = 28 cp

SE’CD’ = SO’BD’ - SABC - SO’ACE" (2)

It is known that the area of a parabola in the Cartesian
coordinate system X and Y is equal to

2
Spur =39 3)

From the parabola equation y =4/2p,x, using the extreme

ax

5 x = h,, we define

values of the variables y =

SZ
—x=2p h_, 4
=20, )
2
h — ax A
where p, 3,
Then the parabola equation will take the form

S

yzz\/“;?/;. 5)

In this case, the expression (3) will be written as follows

1S
parzg ;lx xl.S. (6)
a
B
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Fig. 3 Diagram of the ground surface shaping during straighten-
ing of a grinding wheel with a single-point diamond
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Based on the expression (6), it is easy to determine the area
of the protrusion of the parabolic workpiece surface outside
the profile centerline

15
S A
Sy =—2p | |-—2 .
08D T3 a( h, x] (7

In the same way, we find from Fig. 1

1.5
S h
S e =—2p|1-Lx| ;
ABC 3 a[ h ]

a

0.5
S S h
Soucr :ﬁ(ha —hy)"? (hd —km) :?(l_hd] (hd —km).

a

Then from the expression (2), the area of the protrusion at
the level A, will be equal to

L5 L5
S A S, h

S o ="exp |1 Im | _Zaxpij_d| _

ECD 3 a[ hﬂJ 3 a[ h]

0.5
S h
5 a[l—hdj (hy=2,)-

a

We have got half the area of one protrusion. Considering
that the number of protrusions on the base length /, is equal to
/S, from the previous expression, we obtain the area of the
profile intersected by the centerline

1.5
Sp (’”m): 2;{5'3” }ha[l_}l:lm] -

ax a

1.5 0.5
BV UV R e ) (h Y ).
3 a ha 2 a ha d m

Substituting the found value S,(%,,) into the formula (1),
we will obtain

1.5 1.5
R=3p[1-tn| A, _ha]
3 h, 3 h

a

—2[1—%0‘5(@, —hy)-

a

®)

&)

Let us determine the 4,, h;, and A,, values. From the ex-
pression (4)
_Sa

h )
8p,

) (10)

Since in the process of plunge grinding when the wheel ro-
tates, the helical groove is displaced in the axial direction, the
maximum height of microroughnesses on the workpiece sur-
face (Fig. 1) will be

hy=h,——%, (11)
8p,
where / is the value of the lateral displacement of the wheel
helical surface relative to the workpiece.

For one revolution of the grinding wheel, the helical
groove will move in the axial direction by the width size
T=S,. Therefore, when turning the wheel by the length of the
arc / & the displacement amount will be

L
l RI = S ax E, ( 1 2)
where D is the grinding wheel diameter.
It is known that the total length of the arc when the wheel
is in contact with a given workpiece cross-section is approxi-
mately determined by the equality

Vv

L=2hA"| 2+1|, 13

o B

where A’ = D — at surface grinding with the periphery of the
D-d

wheel; A'= — at circular external grinding;
Dod D+d

A= Dd " at internal grinding; d is the workpiece diameter.

In the expression (13), the plus sign is used for climb
grinding, and the minus sign — for up grinding. Substituting
the value L from equality (13) into the expression (12), we will
get

lp =28, L hdA’i.
! v, nD

The numerical value of the lateral displacement of the
wheel helical surface along the workpiece axis /; will also be
influenced by the longitudinal feed value during grinding and
its direction. It is easy to show that with workpiece longitudi-
nal movement in the direction of displacement of the helix
when turning the wheel, the value / will decrease by the value

_g o
R, rotn_d’

where /,is an arc of continuous contact of the given workpiece
cross-section with the grinding wheel.

With the workpiece longitudinal movement in the direc-
tion opposite to the displacement of the helix, the /; value in-
creases by the / &, Vvalue. The resulting relative displacement of
the wheel helical surface /z will be the absolute sum of this dis-
placement due to the rotation of the grinding wheel around its
axis and the displacement of the helical surface due to its lon-
gitudinal feed, i.e.

v, - 1 2 —
lR:lRl+le:2Sax(I/dilj hdA EiSm,E hdA

Substituting the found value / in equality (11), we will ob-
tain

2
1 4 1 2
hy=h —128 |2+l |JhA—=S _ —JhA|.
d a 8pa|: ax[Vd j d ) rornd d :l

Solving this equation for 4,, we will find

h, = h, (14)

2 9
1+ A | Sl Yy 1|t &
2p,7%| DV, d
where the value A’ has the same meaning as in equality (13).

Substituting the values /4, from equality (10) into the ex-
pression (14), we will finally get

S2

4 S.(Y s, T
8p,+— A S| trx] £
n? D\V, d

If we sum up the area of the protrusions above the center-
line with the areas of the protrusions below it, we will get a
rectangle filled with metal with /, and A, sides. In this case, the
area of the protrusions at the level of the depressions S, is

15)

hy

Sp = 7\'mlba
hence
A, = lS »
Ly

The S, value is easy to determine from the expression (8),
taking A,,=0
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Thus, all the necessary values of the variables in the ex-
pression (9) to determine the roughness average value work-
piece R, formed by the helical surface of the grinding wheel,
taking into account its lateral displacement along the work-
piece axis, have been found. In this case, the method for cal-
culating the R, value is as follows. According to the values of
the axial feed of diamond during straightening .S, and its cor-
ner radius pa, as well as from the given values of the diameter
of the wheel D and the workpiece d and their movement speed
V,,and V,, we will find the values 4, (10), 4, (14), and A, (16).
Substituting these values into equation (9), we determine the
value of R,.

Here is an example of calculating the workpiece roughness
average. Initial data: 3D642E (3/1642E) machine, a straight
abrasive wheel with dimensions: 250 - 30 - 75; V,,=32m/s; V,=
= 20 m/min. The straightening mode: multipoint diamond
dresser p, =1 mm, S, = 0.16 mm/r.

Then

>\‘m :gha _ghﬂ
3¢ 3

By the formula (10)
2
h,= 0.16 =0.0032.
By the formula (15)
2
h, = 0.16 5=0.003.
814 4 750 0.16 32-60il
3.142 250 20
By the formula (16)
15
X :20.0032—20.0032 1- 0.003 \ - _
3 3 0.0032
0.003 )"
—0.003| 1-———| =0.0015.
0.0032

Substituting the found 4, h,, and A, values into the for-
mula (9), we will define

L5 L5
R, :i0.0032 1—0'0015 —i0.0032 1—M -
3 0.0032 3 0.0032

[ 0,003
0.0032

0.5
j (0.003-0.0015)=0.0017.

It is easy to determine that without taking into account the
lateral displacement of the wheel helical surface relative to the

2
workpiece, hy;=h,, A, = gh”’ R,=0.257h,. For the conditions

of this example
R,=0.257-0.0032 =0.00082.

Conclusions. Thus, the paper shows the influence of the
straightening conditions of the grinding wheel on the work-
piece surface roughness. The level of chipping of the vertices of
the grains depends on the values of the axial feed of the dia-
mond during straightening S, the corner radius p,, the diam-
eter of the wheel D and the workpiece d, and their movement
speeds V,, and V,. That is, the level of chipping corresponds to
the distance from the bond level to the vertices of the grains
chipped during straightening. With a decrease in the value of
the axial feed of the diamond during straightening S,, and an

increase in the number of passes of the straightening tool, the
grain vertices will be closer to the bond. Under these condi-
tions, lower stresses arise in the grains and the bond, the grind-
ing wheel wakes up to work as a wheel with a more solid struc-
ture. Therefore, the straightening conditions depend on the
resistance of the grinding wheel and the process of its self-
sharpening in the machining zone. This determines the sig-
nificant role of straightening in the grinding results.
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MaremaTiyHe MOJETIOBAHHS IMOPCTKOCTI
noBepxHi MLTiyBAJbHOr0 Kpyra npu mpasii
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VYkpaiHcbKa iHXeHepHO-TieAaroriuHa akaaemisi, M. XapkiB,
VkpaiHa, e-mail: r.m.strelchuk@gmail.com

Merta. [locmimKeHHsT MeXaHi3My BIUIMBY YMOB TIpaBKU
1UTiyBaTBLHOTO Kpyra, y TOMY YMCJIi BiIHOCHUX KOJIMBaHb
Kpyra Ta ajJiIMa3HO-METaJIeBOro OJiBLs Ha HIOPCTKIiCTh ILLJIi-
(oBaHOI MOBEPXHi Ta iHIII pe3yJIbTaTh 0OPOOKU.

Mertoauka. [1paBka nuticdyBasbHOTO Kpyra aiMa3Ho-Me-
TaJIEBUM OJIiBLIEM SIBJISIE COOOIO MPOILIEC BUCOKOIIBUAKICHOTO
pyliHYBaHHs TBepaoro abpa3sMBHOro Marepiajly Ta iforo
3B’SI3KM TIiJ1 Ji€I0 MUTTEBUX CUJI, aOpa3MBHUX 3€PEH i3 TBEP-
JIOI0 TTOBEpXHElo KpucTaia aamasa. [1pu npasui nutidysaib-
HOTO KPYTY CyMapHa CKJIaJiloBa HOPMAaJIbHUX CUJI BUKIIUKAE,
BiMOBiTHO, MEHIII MPYyXHi AedopMallii B CUCTEMi «Kpyr —
MpaBIsSIUYMil iIHCTPYMEHT», IO IiABUIIYE TOYHICTh TeOMe-
TPUYHOI (hopMU poOOYOI MOBEPXHI LLTi(hYBaTILHOTO Kpyra.

PesynbraTu. PesynbraTul mOCIHiIKeHHS TO3BOJISIOTH BU-
3HAYMTHU TTapaMeTPU IMOPCTKOCTI ITOBEPXHi IeTali Ta 3HAUTH
CIoco0M yMpaBIiHHS HEI0 3 METOI IMiABUIIECHHS e(DeKTUB-
HOCTI TIpoliecy HUTiyBaHHS.

HaykoBa HoBu3Ha. BcTaHOB/IEHI 3aKOHOMIPHOCTI BIUIUBY
YMOB TpaBKU 1UTi(PyBaJIbHOTO Kpyra Ha CTaH HOro poooyoi
MOBepxHi. Y poOOTi MoKa3zaHo, 110 BUXiAHE PO3TaIllyBaHHS
3epeH 1O HOpMaJli TTIOBEPXHi Kpyra BU3HAYAETHCS MOTO Xa-
pakrtepuctukolo. [1pu ynapi abpa3uBHUX 3epeH 00 MOBEPXHIO
MPaBJISIIOTO iHCTPYMEHTY NIesIKi 3 BepPIINH CKOJIIOIOTHCS, Y
pe3yabTaTi YOro IIiIIbHICTh pO3TalllyBaHHS BEPILLIMH 3epeH Ha
30BHIlLIHIl MOBepxHi Kpyra 3poctae. OTpuMaB MOAATbLINIA
PO3BUTOK IPOLIEC TTPABKU B HAMIPSIMi HEOAHOPIAHOIO XapaK-
Tepy pO3TalllyBaHHSI BEpPIIMH abpa3uBHUX 3epeH. Posmomin
MOJIOKEHHS 3epeH OiJisg 3B’I3KM Kpyra 3aJIeXKUTh Bill YMOB
npaBku. Tak sIK 3HATTS TIPUIYCKY Yy Tpoleci nutipyBaHHS
3MIMCHIOETbCSI HAMOLIbII BUCTYMAIOUMMU BEPILIMHAMM 3€-
peH, To, BiAMOBIAHO, Bijl iX po3TalllyBaHHS Ta YMOB TpaBKU
Kpyra i1 Oyae 3ajiexxaT pe3yjabTaT MpoLecy HutipyBaHHS.

IpakTnyna 3HaumMicTh. 3aCTOCYBaHHST PE3yJbTATIB I1O-
CJiIKeHb, OTPUMAaHUX Yy POOOTI, a caMe MaTeMaTUYHe MOJe-
JIIOBAHHST IIOPCTKOCTI MOBEPXHi NUTIPYBATBHOTO KpyTa Mpr
MpaBlli, HAIalOTh MOXJIMBICTb PO3paxyBaTH ILIOPCTKICTh ILLJTi-
(boBaHOI MOBepXHi. ¥ poOOTI MoKa3aHO TaKOX, 110 Bill yMOB
npaBKM LUTiPYBaJIbHOrO Kpyra, 30KpeMa — BiJ BEJIUMYMHU
OCBHOBOI MOJavi MPaBISTYOTO iHCTPYMEHTY, 3aJIeXKUTh PiBEHb
CKOJIIOBaHHSI BeplrH 3epeH. [1pu 1iboMy B 3epHax i 3B’s1311i
BUHUKAIOTh MEHII HApyTd, iIHCTPYMEHT Mpalloe SK Oiablil
TBepauit. OTxe, Bil yMOB MPaBKU 3aJI€KUTh CTIAKICTh I1LLJTi-
¢yBasbHOTO Kpyra Ta Mpoiiec oro caMo3aTouyBaHHS B 30Hi
00poOKu. TM caMyUM BU3HAYAETHCSI 3HAYHA POJIb ITPaBKU B
pesysbTaTax mpolecy nutidyBaHHS.

KutouoBi cioBa: sioxunenns npoginto, ymoeu npasku, wini-
dyeanvuuii kpye

MaremaTuuecKkoe MOAeJMPOBAHUE
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Henb. HMccnenoBaHue MexaHU3Ma BIMSIHUSL YCIOBUI
MpaBKM NUTMGOBATBHOTO KPyra, B TOM YMCJIe OTHOCHUTEb-
HBIX KOJIeOaHUI Kpyra U aIMa3HO-MeTaLTMIeCKOTO KapaH-
Jala Ha IIepoXOBaTOCTh IIIM(OBAHHOI TOBEPXHOCTU U
JIpyTye pe3ysibTaTbl 00pabOTKU.

Meronuka. IlpaBka HIIMGOBaJILHOIO Kpyra ajMa3sHoO-
METAJUTMYECKUM KapaHIAIlIoOM IPENCTaBIIsIeT cOO0i mpoliecc
BBICOKOCKOPOCTHOTO pa3pylleHUs] TBEPAOTro abpa3sMBHOIO
MaTepuaia U ero CBSI3KU TOJI IeiCTBEM MTHOBEHHBIX CHI,
abpa3uBHBIX 3€PEH C TBEPIOIl MOBEPXHOCTHIO KpUCTasIa aj-
Maza. [Ipu nmpaBke HLTMGOBAIBLHOTO Kpyra cyMMapHas co-
CTaBJISIIOIIAs] HOPMAJIbHBIX CUJI BBI3bIBAET COOTBETCTBEHHO
MeHee yrpyrue nedopmaiuy B CUCTeMe «KPYT — TIPaBSIIIIAiL
WHCTPYMEHT», YTO TIOBBIIIAET TOYHOCTh TI'€OMETPUYECKOM
(opmbl paboueii moBepxHOCTU NUTUGHOBATBHOTO Kpyra.

Pesyabratel. Pesynbrarthl MccieqoBaHUS TTO3BOJISIIOT
OIPENIEIUTh ITapaMeTPhI IIEPOXOBATOCTH ITOBEPXHOCTH JIeTa-
JIM M HAUTU CMOCOOBI YIIPABIECHUS €10 C LIeJbIO TOBBIILIEHUS
3¢ PeKTUBHOCTHY TIpoliecca NTU(OBaHUS.

Hayynas HoBuU3HA. YCTaHOBJIEHbI 3aKOHOMEPHOCTHU
BJIMSIHUS YCJIOBUI MpaBKM NUTM(POBAIBHOTO Kpyra Ha Co-
CTOsSTHUE ero paboueii moBepxHocTU. B pabore mokasaHo,
YTO MCXOMTHOE PACITOJIOXKEHUE 3¢PeH 110 HOPMaJIM IMOBEPX-
HOCTM Kpyra ofpenesieTcsl ero xapakrtepuctukoit. Ilpu
yaape abpa3uWBHBIX 3¢pEH O IMOBEPXHOCTh IPABSIIETO WH-
CTPYMEHTa HEKOTOPbIE U3 BEPILIUH CKaJIbIBAIOTCS, B PE3YJib-
TaTe 4ero IUIOTHOCTh PACIOJIOKEHUs BEPIIMH 3epeH Ha
BHEIIIHEIl MOBEPXHOCTU Kpyra pacrter. [loayuun nanbHeii-
1ee pa3BUTHE TPOILIECC MPaBKM B HAIpaBJIeHUM HEOIHO-
POIIHOTO XapaKTepa PacloJIOXKEeHUsI BepIIUH abpa3MBHBIX
3epeH. PacmpeneneHue IMOJOXEHMST 3€peH Y CBSI3M Kpyra
3aBUCUT OT YCJIOBMH MpaBKU. Tak Kak CHATHE TTPUITYCKa B
npoliecce NUIMGOBaHUS OCYIIECTBIISIETCS HAanboee BbICTY-
MaOIMMI BepIIMHAMU 3€PeH, TO, CJIEIOBaTeIbHO, OT MX
pacmoyIoKeHUs U YCIOBMI MMpaBKW Kpyra 1 OyIeT 3aBUCETh
pe3yabTaT HaudoBaHuUs.

IIpakTiyeckas 3HaumMocTh. [IpuMeHeHUE pe3yIbTaTOB
HCCIIeIOBaHU, MTOTyYeHHBIX B paboTe, a UMEHHO MaTeMaTH-
YeCcKOe MOJIEIMPOBAHUE IIIEPOXOBATOCTH TTOBEPXHOCTH 1T -
(oBasbHOTO Kpyra TIpW TpaBKe, MPETOCTABIISIET BO3MOX-
HOCTb pacCYMTaTh MapaMeTp IIePOXOBATOCTH NUTM(OBAHHOM
MOBepXHOCTU. B paboTe mokazaHO TakKe, YTO OT YCIOBMIA
MpaBKK MUIM(GOBATBHOIO Kpyra, B YaCTHOCTH — OT BEJIUYM-
HBI OCEBOU ITOIaYM TIPABSIIETO MHCTPYMEHTA, 3aBUCUT yPO-
BEHb CKaJbIBaHUs BepIIMH 3epeH. [Ipy 3TOM B 3epHax u
CBsI3KEe BOBHUKAIOT MEHBIIIME HATIPSIKEHUST, THCTPYMEHT pa-
0oTaeT Kak OoJiee TBEpAblil. YCIOBUS IMpaBKU BIMUSIOT Ha
YCTOMYMBOCTH MITU(MOBATHHOTO KpyTra U MPOIIeCC ero caMo-
3aTaYMBaHMS B 30He 00pabOTKU. TeM caMbIM OIpeaesieTcst
3HAUYMTEIbHAS POJIb TIPABKU B pe3ysIbTaTax mpoliecca MuIi-
¢oBaHus.

KimoueBbie ciioBa: omk.aoneHue npoghuas, ycaogus npagku,
wAughosanvHbLil Kpye
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