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IIposederno mpueumipne zeomempuumne mooe-
J06aHHS NPouecy Popmoymeopenns uuNiHopu-
Hux Oemaneii npu wnipyeanni 3i cxpeuseHumu
ocamu ii ma kpyea. Illnipyeanns eanis, axi wupo-
KO 6UKOPUCMOBYIOMbCA Y A8MOMO0INedydyeanni,
eepcmamotyodyeanii, ma 6ankie cmpiukonpoxam-
HUX cmamie 301 CHI0EMbCS 34 00UH YCMAHOE OPIEH-
moeanum wupoxum aépasuenum xpyzom. Ha 6azi
ompumanoi npocmopoeoi modeni popmoymeopen-
H ma 3HAMMA NPunycKy 00Caidxceno po3noodin
npunycxy 63006%4c Pizanvioi OLNAHKU THCMPYMeEH-
ma npu wnipyeanni opieHmMoOBAHUM THCMPYMEH-
mom. Iloxazano, wo na nepudpepiiniii pizanvuii
dinanyi wnipyeanrvrozo Kpyea cyminyaromvcsa 1op-
Ho8a, wucmosa o6pobxu ma Kaniopyeanns.

Pospobnena mooynrvna mpueumipna moodens
npaséxu nepuepiiinoi dinranxu wnidyseanrvo-
20 KpYyea 00HOKPUCMANLHUM AIMASHUM THCMPY-
MeHmOM npu waipyeanni 3i cxpeuwjeHuMu 0CIMU
incmpymenma ma 0emani 3 6UKOPUCTIAHHAM YHi-
Qikosanux Mmoodynie npaeiauozo incmpymenma,
opienmauii ma popmoymeopennsn. Ha 6asi nooa-
Hoi modeni npogedeni 00CAIDNCEHNA 2eoMemMPUY -
HOi mounocmi popmoymeopenns nepudpepiiinoi
dinanxu incmpymenma nicis 1020 npasku. 3 me-
moro ompumanns Heo6xionoi mikpozeomempii ma
pizanvHux eaacmugocmei a0pa3uUeHUX Kpyeie 6i0-
noeiono do ocoéaueocmeil npouecy oopodxu eau-
Ki8 CMPIiUKONPOKAMHUX CMAHI8 OPIEHMOBAHUM
IHCMPYMEHMOM NPONOHYEMBLCA NPABKA i3 3MeHWe-
HO10 N00axero npasns1020 iHcmpymenma 00 KaJi-
opyeanvioi dinanxu. Ilpu ybomy eerununa nooa-
4i NPABAAM020 00HOKPUCMATILHOZO THCMPYMeHma
3anexncums 6i0 eesununu npunycxy. Pisna nooa-
ua npaeasuozo iHcmpymenma zabezneuye pizny
poseunenicmo pizanvioi nepudepiinoi oinanxu
incmpymenma. Ile, ¢ ceoro uepey, 36invuye inmep-
8au Mixnc npaskamu wnipyeanroHozo Kpyza, AKuil
npautoe y pescumi zamynienns. A omoce, niogu-
wyemvca cmilikicmv ma 3meHmyemvcs cooieap-
micmv 06po6ru. Bnposaodicenna sanpononosano-
20 cnocoby npasxu Kpyeie npu 00HONPOXIOHOMY
waipyeanni 3i cxpew,eHUMU 0CAMU THCMPYMeHma
ma yuninopuunoi demanizadesnenums 6UCOKIMOY-
Hicmb, AKicmb 00POONEHUX NOBEPXOHb, A MAKOINC
3Hauno nideuwumo edexmusnicmo ma npooyx-
muenicmos npouecy 06pooxu. Pospobaenuii cnocié
npasxu Mmoxce Oymu 3acmocosanuil 0ns npoue-
Ci8 KpYzno20 wnipyeanus 3i CxXpeuweHumMu oCIMu
00pobatoeanoi demani ma adpazueHuUx Kpyezie

Kntouosi caosa: dsocmoponne mopuese uiii-
dyeanns, cxpeweni oci, npasxka kpyezie, pozeune-
Hicmb noeepxHi Kpyea, yuninopuuni demani
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1. Introduction

industry, which ensures the economic growth of the country

In the conditions of the formation of a new type of eco-
nomy [1], a special role is played by the machine-building

and increases its international competitiveness. Therefore,
the products of this industry are required to ensure high
accuracy and quality. Cylindrical shaft-type parts are widely



used in modern mechanical engineering, in particular auto-
motive, metal-cutting and rolling machine tools. Ensuring
high accuracy of machining is carried out using finishing
operations on grinding machines.

In the known methods of cylindrical parts circular
grinding, their processing is usually carried out on the
same machine with the same abrasive wheel. The main
metal layer is cut off by the front part of the wheel.
The other part of the tool is finished. In this case, the
forming point occupies an unstable position due to the
uneven wear of the wheel. This, in turn, reduces the ac-
curacy of the dimensions and geometric shape of parts.

The use of the grinding method with crossed axes
of the wheel and part makes it possible to fix the abra-
sive tool forming part. This ensures an even distribu-
tion of the allowance along the profile of the wheel,
its more uniform wear and increases the processing
productivity.

To ensure high processing performance, it is neces-
sary to take into account the peculiarities of its further
work when dressing the wheel.

Therefore, the development and study of spatial models
of tool surface dressing in circular grinding with crossed axes
of the wheel and cylindrical part is an urgent task. Because
it will increase processing productivity, product accuracy
and tool stability and ensure high competitiveness in various
fields of mechanical engineering.

2. Literature review and problem statement

In the existing multi-pass grinding methods by the pe-
riphery of the cylindrical wheel, there is an uneven tool sur-
face wear [2]. In the process of machining part 1 (Fig. 1), not
the entire height B of the grinding wheel 2 is involved, but
only the part equal to the feed rate of the part per revolution
of the wheel s, [3]. Therefore, the height %; of the tool worn
section I at each point of its working surface depends on the
feed rate s, and the height of the allowance ¢;. Tool wear occurs
on one or both sides, depending on the method of processing.

Fig. 1. Method of multi-pass grinding by the periphery
of a cylindrical wheel

The decrease in machining productivity in this method
is due to the work in the process of grinding not the entire
height of the wheel, but only its small parts, and the location
of the forming point is unknown.

The method of high-speed grinding with crossed axes
of the wheel 2 and part 1 [4, 5] was performed by Junker on
Quickpoint 1000, Quickpoint 3000, Quickpoint 5,000 ma-
chines [6]. Elbor or diamond grinding wheels with a height
of 4—6 mm and a coating width z of several millimeters at

speeds of the grinding wheel up to 140 m/s and the part ro-
tation up to 12,000 rpm are used.

In this method, the fixation of the forming point B of the
wheel 2 (Fig. 2) is carried out by rotating the tool at an angle
o relative to the axis of rotation of part 1.

Fig. 2. Grinding method with crossed axes of the tool
and part of the Yunker company

This ensures an even distribution of the allowance along
the tool profile. Much of the allowance falls on the wheel end.
The amount of material removed in one pass is divided into
several parts. This allows you to unload the wheel periphery
and select some calibration area, which will ensure the pro-
cessing ultimate accuracy.

However, in single-pass finishing grinding of shafts with
cutting depths of about 0.3—0.5 mm, the initial machining
accuracy is insufficient. And the use of diamond and Elbor
wheels becomes economically unprofitable due to their high
cost and low development of the relief of the work surface.

For example, abrasive wheels with diameters of 700—
1,080 mm and a height of 50—150 mm are used in the process-
ing of rolling mill rolls [7]. It is necessary to ensure high ac-
curacy (IT6-8) and roughness (Ra=0.4—1.6 um) of working
surfaces [8] and to withstand the tolerance for the deviation
of the barrel roundness and necks — 0.010-0.015 mm and the
forming rolls error — 5-10 pm.

It is possible to provide high indicators of dimensional
accuracy, low roughness and undulation of the processed
surfaces in the course of grinding wheels work in the blunting
mode [9]. The cutting and deforming grains are firmly held
by a bond in the tool, which makes it possible to preserve the
tool profile that is formed during dressing.

Since the entire periphery of the tool is involved in
cross-axis grinding, the allowance is distributed along the
roughing, semi-finishing, finishing and calibration sections of
the grinding wheel. Accordingly, the development of the tool
working surface in these areas should be different. It should
be maximum during the rough grinding to ensure high pro-
cessing productivity; it should be lower for semi-finished and
finished treatments to obtain low surface roughness.

Therefore, there is a need to develop such an adjustment of
the wheel, which would provide the ability to control the relief
of its working surface in accordance with the allowance distri-
bution for grinding with crossed axes of the wheel and part.

In [10], the use of textured grinding wheels, which have
both specially designed active and passive grinding sections
on their geometrically active surfaces, is proposed. The core
allows you to perform the processing. The passive area, where
there is no grain, provides more space to remove chips. This
increases the development of the wheel surface.

In [11], the researches of dressing accuracy increase of
grinding wheels have been carried out. It is determined that



the dressing force is a key parameter in determining the
number of passes required to achieve high process efficiency.
Therefore, it is possible to reduce the dressing duration and
the governing instrument cost. And in [12], in order to im-
prove the processing accuracy, a contactless method of mea-
suring the grinding wheel wear has been presented.

Experimental studies of the grinding wheel dressing pro-
cess, described in the paper [13], showed that the grinding
wheel roughness is influenced by the speed ratio, cross-feed
and roller profiles.

However, the existing methods of grinding wheel dress-
ing [10-13] do not consider the issue of ensuring different
relief development of the tool working surface.

There is a need to develop a meth-
od of wheel dressing when grinding
cylindrical parts with crossed axes of
it and the part, which would provide
different cutting properties of the tool
working surface in accordance with
the machining process characteristics.

This problem can be solved by de-
veloping modular three-dimensional
models of the processes of allowance
removal and abrasive tools shaping
during dressing. The analysis of mo-
dels will promote the development
of abrasive wheel dressing with the
maintenance of different development
of the tool working surface relief when
grinding with crossed axes of the tool
and part.

of the allowance, and the tool end part does not participate
in the processing. The intersection of the tool and part axes
ensures the operation of the entire wheel periphery, and
the displacement of the O, Y, axis provides the presence of
a calibration section of length C, which increases the initial
accuracy of the cylindrical roller.

At a constant feed rate s, of wheel 2 per rotation of
part 1, the value of the allowance ¢ from the initial point i
on the wheel profile to the turning point A gradually de-
creases: at point 7y the value of allowance ¢, at point iy—t, at
point i;—ty. In this case, the forming point A is the beginning
of the calibration section of the tool periphery, where the
allowance is almost zero.

Fig. 3. Grinding of a cylindrical shaft by the periphery of the oriented tool

3. The aim and objectives of the study

The aim of the research is to develop a spatial model
of dressing the tool surface during circular grinding with
crossed axes of the wheel and cylindrical part. This will in-
crease the accuracy of shaping and processing productivity.

To achieve this goal, the following tasks were set:

— to investigate the features of the grinding process with
crossed axes of the tool and cylindrical part in terms of the
allowance distribution along the cutting section of the wheel;

— to develop a modular three-dimensional model of dress-
ing the peripheral section of the grinding wheel on the basis
of unified modules: tool, orientation and shaping;

— to investigate the development of the wheel working
surface after dressing;

— to propose a method of dressing abrasive wheels when
grinding cylindrical parts with crossed axes of it and the
part, which would provide different development of the tool
working surface in accordance with the characteristics of the
machining process.

4. Investigation of the grinding process of shafts
with crossed axes of the tool and cylindrical part

When grinding shafts 1 (Fig. 3), the abrasive wheel 2
is fed to the entire depth of cut ¢ (Fig. 3) and moves along
the 0,7, axis of the part coordinate system with the feed
rate of s,. The tool is rotated around the O,Y,, axis, which
is located at a distance C from the end of the tool [14]. The
majestic angle o of the tool orientation depends on the height

To develop a model of the grinding process, it is necessary
to mathematically describe the tool surface, the workpiece
and the molding process during grinding with crossed axes
of the tool and part.

Models for grinding with crossed axes of the roller and
grinding wheel were built in the MathCAD software package.

The radius vector of the tool surface GW (z,¢) is given by
the cylindrical shaping module:

GW (2,9)= MC,, -e4=M3(z)-M6(¢)- M2(R,)-@4, (1)

z

where MC?_, is the cylindrical module for shaping the tool
surface, represented as a matrix of the radius vector tran-
sition of the starting point in the tool coordinate system;
M1...M6 are the matrices of displacements and rotations rela-
tive to the coordinate axes; R, =700 mm is the grinding wheel
radius; z=0...B is the linear coordinate on the wheel periphery,
varies from 0 to the height of the tool B=60 mm; ¢=0...360° is
the angular coordinate of the grinding wheel profile.

The surface P of the processed cylindrical shaft is
given by the tool surface radius vector, the transition matrix
and the grinding wheel orientation module in the part coor-
dinate system:

~ol

=M"-MC! -GW =
=M1(~1,)- M6(~y)-M3(-B+C)-GW, (2)

where M”':Ml(—lo) is the transition matrix from the
wheel coordinate system to the part coordinate system;



l,=R, +r, is the distance between the tool and part axes;
MC} = M6(-y)-M3(-B+C) is the cylindrical module of
tool orientation; v is the angle of the grinding wheel rotation;
C is the length of the wheel calibration section.

The nominal profile of the cylindrical roller treated sur-
face is described by the cylindrical forming module CY‘T’ :

MC;' =M3(y,-p.)-M6(y,), 3)

where 7, is the current angle of the part rotation around its
own axis; 7y, is the helical line pitch; s, is the part axial feed.

Finally, the nominal part surface, taking into account
equations (1)—(3), can be described:

P(z,y,v)=MC;'-M"-MC;-MC?,,, -e4=

z-gp-Rw '
=M3(y, p.)-M6(y,)-M1(~L,)- M6(-y)x

X M3(-B+C)-M3(z)-M6(¢)- M2(R,)-24. (4)
To determine the machined surface profile of the roller,

we use the profiles contact condition, which determines the
contact line of the part and the tool surface:

_— aﬁ(z,yp,y)xaﬁ(z,yp,y) 'aﬁ(z,yp,y)_o 5
B 0z oy u,

where 7 is the unit vector of the normal to the wheel surface,
found as a differential of the radius vector ﬁ(z,y p,y) for two
independent parameters z and y; o is the speed vector of the
wheel relative motion in the roller coordinate system (diffe-
rential of the radius vector 13(2,7 p,y) for the parameter v,
which simulates the rotation angle of the treated surface per
unit time).

You can find the contact line between the tool and the
processed roller using the following calculation block:

Y <0,
for j€0..N,

z . .
. + max . ]
min 4
N i

8§(z,yp,y)

Line= 0z
Y ¢—root

ZZ

aﬁ(z,yl,,y) (6)
— Y|
Py o,

ay
M<j+1> «— (2)1
Y
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where zpin=0, zn=B are the smallest and largest coordi-
nates of points on the wheel profile, respectively; N; is the
number of points on the wheel periphery; vy is the angular
coordinate of the contact point on the tool surface; M is the
coordinate matrix of the contact line points.

The obtained geometric three-dimensional models of the
roll surfaces 1 (Fig. 4), the tool 2 and the area of their con-
tact are bounded by lines: 3 — contact, 4 — the intersection
of the tool and the workpiece end; 5 — section of the outer
workpiece cylinder and the grinding wheel. As can be seen
from Fig. 4, the entire periphery of the grinding wheel 2 is
involved in the process of allowance removing. The intersec-

tion of the tool and part axes provides unloading of the wheel
finishing and calibration sections, which account for the
lowest allowance values. Consequently, their wear is mini-
mal, which has little effect on the part forming accuracy.

Fig. 4. Contact spot when grinding the shaft 1
with the oriented wheel 2, bounded by lines:
3 — contact line; 4 — line of intersection of the tool and
workpiece end; 5 — line of intersection of the workpiece
outer cylinder and grinding wheel

From the obtained graph of the projection of the con-
tact line 3 on the plane (Fig.5), it is seen that the allow-
ance ¢ along the wheel periphery decreases evenly from
the rough (50<z<20) to the finishing and calibration sec-
tions (20<z<0).
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0 20 40

Z, mm

Fig. 5. Distribution of allowance talong the contact line 3
of the grinding wheel and part when grinding with the
oriented tool: z— grinding wheel height

From the coordinate z (Fig. 5), which corresponds to the
grinding wheel height B, to the coordinate z=0 (the calibra-
tion section beginning), the allowance (shaded area under
the contact line 3) gradually decreases and is almost zero on
the calibration section.

Therefore, on the periphery of the grinding wheel, rough-
ing, semi-finishing, finishing and calibration are combined.
Uneven wear of the grinding wheel does not affect the shap-
ing accuracy, because the intersection of the tool and part
axes provides unloading of the wheel finishing and calibra-
tion sections and their minimum wear.

5. Three-dimensional modeling of the abrasion wheel
periphery dressing with a single-crystal diamond tool

In order to ensure the development of the rough, semi-
finished, finishing and calibration sections of the wheel pe-
riphery, which is appropriate for processing, it is necessary to
model the process of tool surface dressing.

Dressing of the abrasive wheel 1 (Fig. 6) is carried out
with a single-crystal diamond pencil 2 with a cutting grain of
the octahedron shape.

The diamond pencil must be applied at an angle y,, to the
processed surface of the grinding wheel. This arrangement of



the dressing tool ensures the operation of the diamond grain
faces, which have not yet blunted during processing.
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Fig. 6. Scheme of dressing the abrasive wheel
with a diamond pencil

To develop a general three-dimensional model of allow-
ance removal and shaping accuracy of the abrasive wheel
peripheral area during its dressing, it is necessary to describe
the tool surface of the diamond pencil 2 (Fig. 6, A).

The radius vector 7, of the cutting surface points of the
diamond pencil is given by the spherical module MSg,_0 4 Of
its shaping:

RD=MS;

g @A=MA(S)- M2(r,—1,)- M6(y)-M2(r,), (7)
where 7 is the radius that determines the position of the dia-
mond pencil top (Fig. 6, A); 8 is the angle of rotation around
the 04X, axis (Fig. 6, A), which specifies the radius ry of the
pencil rounding edge; v is the angular coordinate that spe-
cifies the radius 7y of the cutting edge rounding. The radius
vector RD(8,v) of the tool cutting surface is set in the form
of two rectilinear sections and a spherical part (Fig. 6, A):

RD(8,y)=MSj,, -24-®((8])-

- MS; ., -e4-@(5]-8,)+

+ M2(R3])- MSy, ., -e4-@(5-8,)+

+ M2(-h|3|)- MSj, ,, e4-®(-5-3,), 8)

where 8, is the angle that determines the spacing of the radial
edge relative to the symmetry line of the plate 045 (Fig. 6, A);
h(8)=(r,—n)-tg(8-38,) is the function that determines the
coordinate of the point location along the conical sections of
the pencil cutting surface; ®(8) is the Heaviside function,
with a positive argument equal to one, with a negative — zero.

Fig. 7 shows the spatial model of the diamond pencil cut-
ting surface with an angle at the apex 8, =m/4 and rounding
radii 79=1.5 mm, 7y=0.2 mm.

This graph (Fig. 7) is a mathematical representation of the
diamond pencil surface, which, thanks to the developed equa-
tions, can be changed depending on the parameters of the work-
ing tool. The mathematical model of the tool surface allows to
model a geometrical profile of the processed surface of the part.

Fig. 7. Cutting edge of the diamond pencil surface

Let’s describe the nominal surface of the grinding
wheel 1 (Fig. 6):

EGW (S’Y’ ’Ym) = MC;’:"IH YRu ’ MS[;’H Yor Kor ’ @ =

=M3(y,p.)- M2(~yp, )%

x M6(y,,)- M4(B,,)-M5(x,, ) RD, 9
where MS; ., s the orientation modulus of the diamond
pencil in the wheel coordinate system; MC ;}hl e 18 the cy-
lindrical module that sets the movement of the diamond

pencil relative to the grinding wheel; R, is the wheel ra-
dius after dressing; ¢ is the allowance for the wheel dressing;
Yor Bors Xor are the angles of tool surfaces inclination relative
to the 042y 0,X,, 04Y4 axes, respectively; yg, is the displa-
cement of the tool coordinate system to the part coordinate
system (radius of the grinding wheel cylindrical surface after
dressing); v, is the rotation angle of the wheel treated surface
around its own axis; p, is the helical motion parameter of the
pencil cutting blade along the wheel surface, p,=s./2n; s, is
the feed per revolution in the appropriate direction (Fig. 6).

This is the final equation of the grinding wheel treated
surface, taking into account models (8) and (9):

-MS¢ .24,

117

. Msm'

Bor Yor Xor

EGW (&Y,“{w) — MC.x'h

PYw YR

(10)

The contact line between the wheel and the diamond
pencil is determined from equation (11) similarly to (5):

aﬁcw (S,Y,Yn,)

S| % ORew (B1.1.) (11
v dRcw (8,"/77«;) 9,
ay

where 7 is the unit vector of the normal to the diamond
pencil surface; o is the speed vector of the pencil relative
movement in the wheel coordinate system.

To find the angles Ymin, Ymax, Which determine the location
of the contact line on the forming face of the diamond pencil,
we use the calculation block similar to the block (6):

A0,
forie0..k
) .
6 8 o+ max ,
— min k J

Ang = yeroot(n(&’y, 0)'0(8,%0),7), (12)

MO v
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Equations (10) and (11) describe a modular three-dimen-
sional model of the shaping of the grinding wheel peripheral
section during dressing.

6. Investigation of the peripheral cutting area microrelief
of the abrasive wheel after dressing

On the basis of the modular three-dimensional model
of the grinding wheel surface shaping when dressing by
the diamond pencil, the grinding wheel peripheral surface
after its dressing is obtained (Fig. 8). Grinding wheel radius
R,=600 mm; height 2=50 mm, angle at the diamond pencil
top Yi=mn/4, feed rate s,=0.1 mm,/rev.

Fig. 8. Spatial model of the grinding wheel periphery surface
after dressing with a single-crystal diamond pencil

As can be seen from Fig. 8, as a result of dressing the
grinding wheel with a single-crystal diamond pencil on the
grinding wheel periphery, a geometric roughness in the form
of helical grooves is formed. The height of the grooves de-
pends on the value of allowance and feed rate of the dressing
tool. At a constant feed rate s, per revolution, the dimensions
of the grooves are the same, which ensures the same develop-
ment of the grinding wheel working surface.

7. Method of dressing abrasive wheels when grinding
with crossed tool and cylindrical part axes

When grinding with crossed axes of the tool and part,
there is a geometric roughness Rz (Fig. 9), the value of which
is defined as the distance from the nominal surface of the part
to the point N of intersection of two consecutive positions 1
and 2 of projections of contact lines on the plane.

As can be seen from Fig. 9, changing the feed rate from
S;1 to s, provides the ability to control the development
of the relief and cutting properties of the grinding wheel
peripheral section.
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Fig. 9. Formation of the geometric roughness Rz on the
abrasive wheel surface when dressing with a single-crystal
dressing tool with different feed rates s,

Thus, when grinding rolls of belt rolling mills with
crossed axes of the tool and part, the value of allowance along
the contact line is constantly changing. On the grinding
wheel peripheral section, roughing, finishing and calibration
are combined (Fig. 5).

In order to ensure high precision machining of the rolls
when grinding with a wide oriented abrasive wheel, it is
proposed to adjust its periphery with different feed rates of
the single-crystal dressing tool. Thus, rough and semi-fini-
shed areas of the wheel periphery are dressed with higher
feed rates s,1, s,2=0.3—0.5 m/min (Fig. 9), clean — with feed
rates s,;=0.15-0.25 m/min, and calibration — with feed rates
$=0.05-0.1 m/min. As you approach the finish area of the
wheel periphery, the feed rate of the dressing tool gradually
decreases, and the calibration area must be adjusted with the
same feed rate to ensure high accuracy of the roll surface. The
feed rate of the diamond pencil depends on the allowance.

8. Discussion of the results of the study of the accuracy
of wheel dressing when grinding with crossed axes
of the tool and part

The presented grinding method with crossed axes of the
tool and cylindrical part provides fixation of the wheel form-
ing part and uniform reduction of the allowance along its
periphery from the rough to the finishing and calibration sec-
tions (Fig. 5). This increases the productivity of processing
in comparison with existing methods [2, 3], which involves
not the entire wheel height, but only its small parts, and the
location of the area that provides the formation is unknown.

The developed modular three-dimensional model of dress-
ing the grinding wheel peripheral site (Fig. 8), obtained by
means of equations (10) and (11), gives the chance to consi-
der the features of its rough and finishing sites when grinding
by the oriented tool.

Since when grinding with crossed axes, the allowance is
distributed along the rough, semi-finished, finished and cali-
bration sections of the grinding wheel (Fig. 5), respectively,
the development of the tool working surface in these areas
should be different.

In contrast to the existing methods of editing grinding
wheels [10—13], the presented method provides different
development of its peripheral surface due to different feed
rates of the dressing tool (Fig. 9). Thus, on the wheel rough
section, the main allowance is removed when dressing,
larger grooves provide more space for the removal of chips,
preventing it from sticking and vibration. This increases the
machining accuracy of the part to I'T 6-7. And the finishing
and calibration sections of the periphery, which have small
values of allowance, provide low geometric surface roughness
of the rolls (Ra=0.32—1.25 um) due to lower values of geo-
metric roughness.

This method of dressing also increases the period bet-
ween dressing processes (45 min) due to the presence of dif-
ferent configuration grooves on the rough and clean sections
of the grinding wheel in combination with the peculiarities
of the machining process with the oriented tool. Machining
productivity when grinding with crossed axes of the abrasive
wheel, the peripheral part of which is dressed in this way, and
roll increases by 10 % due to the possibility of using higher
machining modes.

Because the oriented wheel is subjected to different
dressing methods on its roughing, finishing and calibration



sections, this method imposes restrictions on the length of
these sections. Therefore, this method of dressing cannot
be used when dressing narrow wheels, as well as diamond
and Elbor. The three-dimensional model of grinding wheel
dressing makes it possible to obtain only its geometric profile,
taking into account the influence of the diamond pencil pro-
file, depth of cut and feed rate. However, the obtained model
of the wheel profile does not take into account the influence
of system rigidity and vibration.

In the future, the dressing model can be applied to the
methods of grinding not only cylindrical, but also stepped
and curved surfaces of rotation with an oriented tool.

9. Conclusions

1. Investigations of the grinding method of cylindrical
parts by the oriented tool periphery, which have been con-
ducted on the basis of spatial models of the wheel, roller,
processes of allowance removal and shaping, showed the pos-

sibility of allowance uniform reduction to the finishing and
calibration areas along the cutting surface. This increases the
accuracy to IT 6-7 and processing performance by dividing
the tool periphery into rough, finishing and calibration areas.

2. A modular spatial model of dressing abrasive wheels
with a single-crystal dressing tool has been developed, using
the equations of which the wheel geometric profile is obtained
at different input parameters (dressing tool profile, depth
of cut and feed rate). This makes it possible to analyze the
processes of allowance removal and shaping of grinding tools.

3. A method of dressing the abrasive wheel peripheral
section with different feed rates of the dressing tool in accor-
dance with the features of the grinding process with crossed
axes of the wheel and part has been proposed. Due to the dif-
ferent development of the tool working surface on its rough,
clean and calibration areas, dressing for wheels operating in
the blunting mode has been presented.

4. The proposed method of tool dressing can be used for
grinding methods with crossed axes of wide abrasive wheels
and cylindrical, stepped and curved surfaces of rotation.
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