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Abstract. The cost of abrasive cutting is main-
ly determined by the wear resistance of the abra-
sive wheel, which consists of abrasive grain, filler,
phenolic binder and glass mesh. Due to the fact
that during the cutting process, as a result of the
summation of heat pulses from the cutting grains
located on the cutting edge of the wheel, a signifi-
cant amount of heat is released, high temperature
values are reached in the cutting zone. Meanwhile,
it is well known that the phenolic binder has low
heat resistance, it breaks down at a temperature of
520-570 °K, therefore the nature of the thermal
processes occurring during abrasive cutting deter-
mines the temperature in the circle and, according-
ly, the speed of its wear. ldeally, of course, the
speed of thermal destruction of the bond should
correlate with the speed of mechanical destruction
of abrasive grains, so that cutting is carried out
only with sharp, unfired grains, while only blunt
grains should be removed from the cutting edge.
Since the rate of abrasion of abrasive grains is dif-
ferent for different processed materials, the charac-
teristics of binders must also depend on the type of
processed material, that is, it is necessary to create
abrasive wheels for cutting different materials. In
practice, abrasive wheels are produced without
special consideration of the features of the cut ma-
terial, which is largely explained by the lack of
clarity of the nature of thermal processes in abra-
sive reinforced wheels and technological difficul-
ties associated with changing the thermophysical
properties of the wheels.
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INTRODUCTION

Let's dwell in more detail on the thermal
destruction of the bond. The phenol bond (Ba-
kelite) is polycot-densified in the process of
heat treatment. When they say that when heat-
ed to a certain temperature, it loses its strength,
they rely on the experimentally established
fact - if you heat polycondensation Bakelite to
this temperature, it burns. This heating process
is quite slow, so you can confidently use such
an equilibrium characteristic as temperature.

When cutting with an abrasive wheel, the
picture changes. In practice, the lengths of the
arcs of contact are small, and the circles rotate
at a high speed. Therefore, the residence time
of a separate section of the cutting edge in the
area where the energy is released is very short.
Outside the cutting zone, due to heat transfer
to the surrounding air, the wheel cools. Such
shock alternation of heat loads and cooling
leads to the fact that the system is strongly un-
balanced, in which the very concept of tem-
perature should be used with caution.

Therefore, a characteristic similar to the
experimentally determined temperature of de-
struction of a Bakelite bond will not be an in-
stantaneous temperature, which, moreover,
cannot be measured due to the inertia of meas-
uring devices, but some averaged temperature.
It is advisable to carry out such averaging over
the period of rotation, that is, to determine the
temperature of a given point in the circle, av-
eraged over the period of rotation and there-
fore independent of the rotation of the circle
[1-4].

5


mailto:abrashkevich.yd@knuba.edu.ua
https://orcid.org/0000-0002-9983-0551
file:///C:/Users/Downloads/@
https://orcid.org/0000-0002-5369-6676
mailto:p.a.g.19.05@gmail.com
https://orcid.org/0000-0002-5369-6676

MODELING WORKFLOWS

Studying in this way a certain temperature
and the influence on it of such technologically
important variables as the speed of rotation
and feed of the wheel, its dimensions, the
structure of the side surface, the length of the
arc of contact and the thermophysical charac-
teristics of the material of the wheel will allow
to determine the rate of thermal wear of the
wheel.

Assuming that the depth of heat penetra-
tion into the matrix of an abrasive reinforced
wheel is significantly less than its radius, we
limit ourselves to considering thermal process-
es in a narrow region adjacent to the cutting
edge of the wheel. At the same time, taking
into account the ratio of values characterizing

the length of the arc of contact | _, the height

of the circle H and its radius R,, we neglect

the curvature of the cutting zone.

Thus, the theoretical study of thermal pro-
cesses can be reduced to the solution of the
problem of heat distribution in a rectangular
semi-infinite plate with a thickness equal to
the height of a circle, along one side of which

a flat source of power @, length | and width

H moves with a linear speed of rotation of the
circle V, = @R,. Let's introduce a rectangular

coordinate system, the origin of which coin-
cides with the source (Fig. 1).

Heat conduction equation in the case of a
moving source

S —aAT +V, =, 1)

where:

T - is the temperature of the polymer matrix,
K;
a= A coefficient of thermal conductivity
Cpk‘p
of the circle, m?/c;
A — specific heat capacity of the circle materi-
al, j/lkg-K;
A —the Laplace operator;
2 2 2
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y 7 — coordinates,

m;
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t - time, s.
Having established dimensionless com-
plexes, we have:

a—T:iAT+6—T, 2)
00 PR oY
where:
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T.— temperature in the contact zone of the cir-
cle with the processed object, K;

pe— Yo
a

ing the ratio of the speed of movement of the
heat source to the speed of heat transfer.

— the Péclet criterion, characteriz-
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Fig. 1. Heat source (1) moving at speed along the
cutting edge of the circle (2)

Boundary conditions take into account the
release of heat in the contact zone
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and heat transfer to the environment outside
this contact

a —~ BiT|x:FOI | =0,
Moy ™ (5)
a BiT|_, =0,
0z, - (6)
a BiT|_ =0,
O |,g i ©)

where:

q= i—_ﬁi‘)— heat flux density, [q]= W/m?;

K

_ AR,

Bi — the Bio criterion, characterizing

the ratio of the rate of heat transfer to the rate
of heat supply to the surface of the circle;

H | ) .
H=—:1 == are dimensionless values of

R, “ R,
the height of the circle and the length of the
arc of contact, respectively.

In (5) it is taken into account that the
source is flat x' =0 and the temperature along
the width of the source is constant and equal
T.. p, is determined from the solution of the

transcendental equation.

cta(,H)= £ ®

After calculating the integrals, we deter-
mine the temperature distribution law in the
circle matrix:
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The resulting formula describes the tem-
perature distribution in the abrasive circle for
one revolution. At the same time, the abrasive
grain makes a significantly greater number of
revolutions before painting from the polymer
matrix of the circle, that is, it is exposed to the
action of the corresponding number of heat
pulses. In the accepted model N,, the revolu-

tions of the abrasive wheel correspond N, to

the same heat pulses, which are separated from
each other by a distance y = 27R .

The maximum values of the temperature
determining the wear resistance of the circle
are reached in its middle plane, so we take

z =%. As a result, we obtain a dependence

that allows us to calculate the temperature of
the polymer matrix of the circle at any distance
from its cutting edge:

=37,

(10)
where:
= RSIZGE .
' 2\/E7rzBiZCprHVp
sin(8,H )cos(ﬂn Hj
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Let's determine the number of revolutions
of the circle at which its radius will decrease
by an amount equal to the size of the abrasive
grain 6. We assume that the circle moves
with the feed rate V, and goes deeper h to the
cutting depth of the object.

According to (5), the abrasive wheel in
time dt processes the object with an area of,
and wears out by the amount dF, = hV, dt

dF_ =27/RdR=—2
Kp Sp (12)
From here:
hV,dt = 225 RdR (13)
t Ro
[hv,dt=27 [s,RdR (14)
0 Ry—S

The time for which the abrasive wheel
wears from radius R, to radius R, —o':

2§

N Ry—8
The number of revolutions that the circle
makes in time t is equal to an integral part of

tv
the value to=—"
RO

22V, T
No{h P jSdeR} (16)

n R0 Ry—o

Considering, J6<<R, and accepting
S, =S, =const we have
Yl
Ny =| —28,(R2 = (R=-5)) |~
hv, (17)

Thus, according to (17), it is possible to de-
termine the number of cuts that cut the abra-
sive grain until it breaks off from the matrix of
the circle, and with the help of (12) and (16) to
set the temperature at any point of the circle at
a fixed feed rate.

The depth of heat penetration into the pol-
ymer matrix was determined experimentally to
determine the dependencies between the
modes of operation of the wheel, the power of
the heat source q and the values of the heat

transfer coefficient ¢,. The temperature
measurement scheme is shown in Fig. 2 [1].

4 32 1
P =

Fig. 2. Scheme of measurement of bond tempera-
ture of an abrasive reinforced wheel:

1 — head of a horizontal milling machine; 2 — rod; 3 —
sleeve; 4 — mercury current collector.

When conducting experimental studies,
abrasive reinforced circles made of normal
electrocorundum 13A, 14A with a grain size of
320-800 microns were used. Such circles are
used to perform cutting and cleaning opera-
tions in assembly and repair works with work-
ing speeds of 40-80 m/s and feeds of
2¢103...7°103. In this regard, dependencies
(18), (19) and, respectively, (12 and 16) are
valid only for the given characteristics of the
abrasive wheel and operating modes.

To compare the theoretical and experi-
mental data, the thermophysical characteristics
of the abrasive wheel and the temperature in
the contact zone were established.

As a result of experimental data pro-
cessing, the following dependencies were ob-
tained:

q=1161-10° —1,375-107Vp +

18
+0,4598-10"V, (18)
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@, =0,2531-102 +0,4971V, . (19)

~

T =0,6935-10° + 5,332V, +

~ 20
+5,997 -10°V, +0,4028 -10°H (20)

The difference between the values of tem-
peratures obtained theoretically and experi-
mentally does not exceed 15% [6].

On the basis of the conducted studies, the
degree of influence of the operating modes and
design parameters of the abrasive reinforced
wheel on its operational indicators was deter-
mined, as well as possible ways of increasing
them.

The analysis of the obtained dependencies
shows that the temperature of the polymer ma-
trix of the abrasive wheel is related to the
speed of its rotation through several parame-
ters. As the speed increases in the contact
zone, the number of thermal pulses increases,
which negatively affects the wear resistance of
the wheel. But at the same time, the heat trans-
fer from its side surfaces increases, determined
by the heat transfer coefficient [6]

N, =0,02963/P, (Re)"’, (21)

where: P, =0,7 is the Prandhl number for air;
Re — Reynolds number;

VR
Re = ;0, (22)

6

where: v, =1,4-10"° m?/s is the kinematic vis-
cosity of air.
As can be seen from (21), with growth V,

the efficiency of heat transfer to the environ-
ment increases, which contributes to increas-
ing the wear resistance of the wheel, as well as
reducing the time it stays in the high tempera-
ture zone. Thus, increasing the working speed
of the abrasive reinforced wheel is expedient.
The least favorable conditions for heat
transfer are created in circles with a smooth
side surface. The presence of irregularities
contributes to more intense cooling of the side
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surface of the circle due to the disruption of
the laminar sublayer and the development of
turbulence in the boundary layer. In the case of
rough side surfaces, turbulent eddies appear
around the protruding abrasive grains and heat
transfer is carried out by convection, which,
according to data, allows to increase the heat
transfer coefficient up to two times compared
to circles with smooth surfaces. The wear re-
sistance of the abrasive wheel can also be in-
creased as a result of intensifying heat dissipa-
tion by increasing the thermal conductivity of
the polymer matrix or its forced cooling.

With an increase in the feed rate and an in-
crease in the deformation of the chips, a great-
er amount of heat is released, part of which
penetrates into the processed object. Based on
this, it is necessary to determine the optimal
amount of feed, which ensures the maximum
wear resistance of the abrasive tool and the
necessary quality of the cutting surface.

It was established that with the increase in
the length of the arc of contact of the circle
with the processed object, the heat generation
increases. It should be taken into account that
the circle is heated in the contact zone, and
cooled outside it due to heat transfer to the en-
vironment. In this regard, the wear of the abra-
sive tool decreases when the ratio between the
length of the arc of contact and the length of
the cutting edge of the circle outside the con-
tact is reduced.

It should also be taken into account that
there are two types of cutting using abrasive
reinforced wheels - dry and wet. Damp is used
primarily to limit the amount of dust. When
cutting with water supplied to the cutting zone
for the purpose of dust removal, the tempera-
ture of the matrix decreases, fundamentally
changing the wheel wear mechanism. The re-
sults of comparative temperature tests during
cutting without water supply and with dust
removal of the cutting process are shown in
Fig. 3.

It can be seen from the graph (Fig. 3) that
when working without water supply, the tem-
perature rises by 40-400%, depending on the
supply. During the supply of water to the cut-
ting zone, the temperature does not significant-
ly change from the supply force, while when
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working "dry" the temperature and supply in-
crease significantly.
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Fig. 3. Dependence of the bond temperature of the
circle on the feed rate at a constant cutting speed

Vp =66 m/c

During the research, it was determined that
the temperature value at the "grain-bond"
boundary, which ensures thermomechanical
wear of the wheel, should be 400-500K. Based
on this, it was proposed to use a polymer ma-
trix modifier. For this, substances whose heat
resistance did not exceed the specified temper-
atures were selected: polyvinyl acetate (PVA)
— 304K, polyvinyl alcohol (PVA) 413K, poly-
vinyl formal (PVC) — 365K, polyvinyl butyral
(PVB) - 325K [5].

At the first stage, they were introduced di-
rectly into the composition of the abrasive
mass after moistening the grains with liquid
bakelite. The circles made using this technolo-
gy showed unstable operation during the tests,
as they do not self-sharpen during the cutting
process.

CONCLUSIONS

In this regard, a new method of manufac-
turing abrasive reinforced wheels was devel-
oped, which consists in the fact that the abra-
sive grains are pre-coated with a 19-20%
aqueous solution of polyvinyl acetate in the
ratio of 0.8-5.4 g of solution per 1 kg. grain,
which was evenly distributed over the grain
surface. When cutting with circles made ac-
cording to our technology, at the same time as
the mechanical breaking of abrasive grains
from the polymer matrix, its thermal destruc-
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tion also occurs, i.e. the mechanism of wear is
thermomechanical.

Circles modified with polyvinyl acetate are
self-sharpening and allow cutting rocks and
refractories with a strength of up to 60 MPa.

In the course of the work performed, a pa-
tent of Ukraine was obtained for the utility
model Pat. 73906 Ukraine, IPC B24D 3/00 /
Method of manufacturing an abrasive tool /
Abrashkevich Y.D., Pelevin L.E., Polishchuk
A.G., - No. u2012 03848 application.
29.03.2012; published 10.10.2012, Bull. No.
19/2012. On the basis of the received patent
and the developed recipe of the wheel, samples
of Abrasive reinforced wheels for cutting high-
ly abrasive refractory materials with a strength
of up to 60 MPa were produced. The circles
have passed experimental and field tests.
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MaTteMaTH4YHA MOAeJIb PO3NOALNLY TeNJIOTH B
a0pa3suBHOMY KpYy3i

FOpiii Abpawxesuy®, Muxona Ilpucmaiino®
Anopiti Honiuyx®

L23Kuiscokuti nayionanshuii ynieepcumem
OyOisHuYymea i apximexmypu

Anoranisi. CoOiBapTicTe aOpa3WBHOI Pi3KU B
OCHOBHOMY BH3HAYa€ThCsI 3HOCOCTIMKOCTI abpas3u-
BHOT'O KpYyTa, IO CKJIQJAEThCS 3 aOpa3sHUBHOIO 3ep-
Ha, HAMOBHIOBaYa, (EHONBHOTO CHOIYYHOTO i
CKJIOCITKH. Y 3B'A3KY 3 TUM, IIIO B TIPOIIEC] pi3aHHS
B pe3yJbTaTi MiICYMOBYBaHHS TEIUIOBHX IMITyJIb-
CiB BiJI pIKYYHX 3€peH, SKi mepeOyBaloTh Ha PiKY-
4iii KpoMmIli Kpyra, BUIUIAIOTH 3HAYHY KIUTBKICTh
TeIla, B 30HI pi3aHHS JOCATAIOTHCS BEJIHKI 3HA-
YeHHsl Temreparypu. Tum dacoMm no0pe Bizomo,
o (heHONFHA CIIOyYHA BOJOJIi€ HU3BKOIO TETLIO-
CTIMKICTIO, BOHAa PYHHYEThCS MpPU TeMIepaTypi
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520-570 °K, ToMy XapakTep TEIUIOBHX IMPOLECIB,
10 TPOTIKAIOTh MpH abpa3suBHOMY pi3aHHi, BU3HA-
4ae 1 TeMmreparypy B Kpy3i i, BIATIOBIAHO, IIBU-
KicTh Horo 3HoCy. B imeani, 3BMuaiiHO, IIBHJIKICTh
TEIIOBOTO PYHHYBAHHS 3B'SI3KM MOBHHHA KOPEITIO-
BaTH 31 MIBUAKICTIO MEXaHIYHOTO pyHHYyBaHHS a0-
Pa3MBHUX 3€peH 3 TUM, II00 pi3aHHS 37iMCHIOBA-
JIOCSl JIMIIE TOCTPHMH, HECTpanbOBaHy 3€pHAMH,
IIpH IbOMY YCyBaTHCA 3 PiKy40i KPOMKHA TTOBHHHI
numre Tymi 3epHa. OCKITbKH MIBUAKICTh CTHPAHHS
aOpa3MBHUX 3€peH pi3Ha IS Pi3HUX 00poOIIOBa-
HUX MarepiaiB, TO # XapaKTePUCTUKA 3B'SI3YIOUNX
MTOBUHHI OYyTH B 3aJIEXKHOCTI BiJl BUIy 00po0ItoBa-
HOTO Matepialy, TOOTO HEOOXiJHO CTBOPIOBATH
aOpas3mBHI Kpyru IJis pi3Ku pi3HUX MarepianiB. Ha
MIPAKTHIl K BHITYCKAIOTHCS abpa3vBHI Kpyru 0Oe3
0COOJIMBOTO YypaxyBaHHs OCOOJIMBOCTEH poO3pi3ae
MOTO Martepiaiy, 10 B 3HAYHIA Mipi MOSCHIOETHCS
HESICHICTIO XapakTepy TEIUIOBUX MPOIEeCiB B abpa-
3WBHMX apMOBAaHHX Kpyrax 1 TEXHOJOTIYHUMHU
CKJIaJJHOIIAMH, TIOB'SI3aHUMHU 31 3MiHOKO Teruiodi-
3WYHUX BIACTHBOCTEH KPYTIB..

KuaiouoBi cioBa: abpa3uBHI apMOBaHI KpPyTH,
pizaHHsI, BUCOKOAOpa3WBHI MaTepialii, TeMIepary-
pa, 3B’s13Ka, O1UHI TOBEPXHI.
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