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The mathematical model of the stress-strain state of the abrasive reinforced wheel was
developed in this paper, taking into account the anisotropy of its properties. Anisotropy can be
reduced by displacing one reinforcement mesh relatively to the other by angle of 45°. The
mechanical strength of unreinforced abrasive wheels is determined by centrifugal and bending
forces. To determine the centrifugal forces, the theory of elasticity for an orthotropic body is
applied. The bending forces that arise in the working wheel were determined during solving the
problem of the distribution of deformations in the anisotropic annular plate rigidly fixed along the
inner contour. As a result of experimental studies, it was found that stresses reach 8...23 MPa,
which can be compared with the ultimate strength of the wheel matrix. The elastic module of the
wheel matrix is noticeably greater than the elastic module of the reinforcing mesh, which
practically does not perceive the load at the initial stage.

Keywords: abrasive reinforced wheel, strength, reinforcing mesh, centrifugal and bending
forces, deformation.

Introduction

Cutting and cleaning abrasive reinforced wheels are widely used not only in
construction, but also in mechanical engineering, instrument making, and other
sectors of the national economy associated with metal processing. The annual
production of wheels is in the hundreds of millions of pieces. So only OJSC
«Luga Abrasive Planty» produces more than 300 million pieces per year [1, 2].
Abrasive reinforced wheels operate in combination with hand-held and
portable machines [3] with a working speed of 80 m/s and are classified as
high-risk tools [4].

Analysis of publications

Nowadays, a fairly large number of works of study on the processes of
metal grinding have been carried out [5, 6]. There are practically no works
aimed at increasing the mechanical strength of abrasive reinforced wheels,
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which are widely used in cutting and cleaning operations. At the same time,
the results of experimental studies on determining the stresses in the abrasive
wheel arising during operation are presented [7]. The issues related to the
influence of the acting forces on the abrasive wheel, as well as the influence of
reinforcement on the strength indicators of the wheel, are considered.

Purpose of the paper

The purpose of this paper is to develop a mathematical model for
calculating the stress-strain state of abrasive reinforced wheels. That will allow
us to determine the stresses in the abrasive wheel, taking into account the
reinforcing mesh during performing cutting and cleaning operations.

Research results

The worker’s safety is determined by the strength of an abrasive reinforced
wheel, which during operation is in a complex stress-strain state under the
influence of centrifugal, bending, tangential and normal forces.

During rotation in the abrasive wheel, centrifugal accelerations

a= (3...20)'104 m/s” arise, which lead to the appearance of tensile stresses on

the inner contour of the wheel, comparable in magnitude with the ultimate
strength of the wheel material.

Bending forces constantly act on the grinding wheels, and can also appear
in cutting wheels when they are skewed or pinched [8, 9]. For cleaning wheel,
bending forces can be represented by the concentrated force f,,; (Fig. 1)

applied to the cutting edge of the wheel 1, perpendicular to its plane and equal
in magnitude to the force P, with which the worker presses the wheel to the
cutting surface 2, multiplied by the sinus of the angle of inclination of the
wheel o. In this case, the stresses caused by bending forces can reach values
on the inner contour comparable to the ultimate strength of the wheel material.

The analysis showed that in the area of the clamping flange, the stresses
caused by tangential and normal forces are much less than the ultimate
strength of its material,
therefore, we do not take
them into account.

The mechanical
strength of the wheels
during rotation is
determined by
centrifugal forces. In this
regard, for an
approximate analysis of
the stress state and
comparison of
experimental data, the
theory of elasticity under
the assumption that the
abrasive wheel is an
Fig. 1. Forces acting on the cleaning wheel isotropic body was used.
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The equilibrium equation for an elastic wheel, which is characterized by
constant thickness and rotates with angular velocity ®, has the form [10, 11]:

i.{l.d(UR)}z_l_vzpmzR, )]

dr |r dR E

where U - radial displacement of point located at distance R from the center
of the wheel, m; v — Poisson’s ratio; £ — module of elasticity for the wheel
material, Pa; p — material density, kg/cm’.

With the integration of equation (1) two times and the notation g, = %-pco2 )

we get:
1-v l+v 1 1-V°
U=4—R+4 ——q ‘R3, 2
17 27 0T f 2
where 4, A4, — integration constants, which are determined from the

boundary conditions.
The stresses in the radial o, and circumferential o, directions corres-
ponding to displacements of equation (2), according to [11], have the form:

o, = 4 —AZ%—dO(3+v)R2,

: 3)
oo = 4 +A2E—d0(1+3v)R2.

As boundary conditions on the outer and inner contours of the abrasive
wheel it is accepted that:

:0’

Sr |R:RO

“4)
U, |R:RF =0.

The boundary conditions take into account the rigid clamping of the wheel
along the contour of the clamping flange and the absence of stresses on the
cutting edge.

Integration constants 4, and 4, are determined from the following system

of equations:
A]~:—:~R§+A2=do(l—v)R§, )
ARy -4, =a,(3+v)Ry.
After transformation we get:
4 =a, (1-Vv)-Rp +(3+V)-Ry ’
((A=v)/(+v))- R + R ©)

2 RE=(B+v)/(1+v))- R
C(A=v)/A+v))-R2+ RS

Ay =dy(1-V)Rr - R
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Now, using equation (3), we can calculate the stresses in the wheel. The
inner contour (R = Ry ) which is the most likely place of destruction represents

the greatest interest.

It should be noted that under the influence of overloads, the material of the
matrix of the wheel is destroyed, and the stress-strain state in the wheel
undergoes significant changes. At the same time, the integrity of the wheel
under the action of centrifugal forces can be maintained only by a reinforcing
mesh capable of withstanding only radial loads.

It is proposed to install reinforcing mesh (Fig.2) of the specified
configuration [12] which will improve technical characteristics of the wheel.

(b)

Fig. 2. Wheels reinforcement schemes: (a) tangential and (b) radial

Let’s take x as the relative volumetric content of reinforcing fibers in the
body of the wheel. Then, considering the equilibrium of the wheel element and
assuming that o, =0, and the radial stress is perceived only by oriented

fibers, the proportion of which is ¢, from all fiber (g, =1/2), we have:

do, o __ 1 R, )
dR R qx

Expressing stress through displacement, we get:

2
d l2/+l.d_U=_;.L.p@2R, (8)
dR R dR Emesh 49X

where E,,, — elasticity module of the reinforcing mesh material.
The general integral of equation (8) has the form:
2
U=ChR+Cy———FP g%, (9)
Emesh qx
2
o, —E CL_OPp2 (10)
mesh R 3q] X

considering that o, =0, we determine

R=R,
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o’pRy
3E qx

mesh

(11)

1 =

and after substitution equation (11) into equation (10), we find an expression
for the stresses experienced by the reinforcing fibers on the inner contour

_ o’p(R} - R} )

(12)
' 3q1 xRy
Under the condition of acceleration (deceleration) of the wheel, the
. . . dv do .
circumferential ~acceleration azd—sz— causes stresses G, in
t t

sections R = const , which can be determined from the equilibrium condition of
the wheel part located between the radii R and R,:

Ry
cr2nR§I-I=pI:12nJ-@R3dR; G, =—— —. (13)
4 dt =

After testing the samples of abrasive wheels for tension, the obtained
experimental and calculated values of stresses in the circumferential and radial
directions were compared. It was found that the calculated stresses are more
than two times less than the experimental ones, that means they can be used
only for a qualitative assessment.

For further analysis, the deformations arising under the action of centrifugal
forces in wheels with different reinforcement schemes were determined on a
special stand. As a result, it was confirmed that in the directions of the fibers of
the reinforcing mesh, the value of deformations is 1,3...1,6 times less. At the
same time samples in which the direction of tensile forces coincides with the
direction of the fibers of the
reinforcing mesh or make angle
of 45° (Fig. 3) with them have the
maximum and minimum strength.
It has been established that,

v

depending on the design, the ,/’: | :\T\.
ultimate strength of the abrasive P | by
reinforced wheels is 8...23 MPa. ‘

After studying the stress-strain . @ _____
state, the abrasive wheels on the & ‘ > AL alk
stand were brought to destruction, r | L A i, A ‘;"
which occurs mainly along the A it HHH ‘

radii. As a result, it was found
that the abrasive reinforced wheel at

is an anisotropic body, while ':EEﬂ:::-y
orthotropy of its mechanical Fig. 3. Diagram of the deformations distribution

properties is Obs‘:{rved' in the wheel with different orientations
Anisotropy can be reduced if the of the reinforcing meshes

1
)
T
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reinforcing mesh is positioned in such a way that the fibers of one of them are
displaced at angle of 45° relative to the fibers of the other. In this case, the wheel
has the most equal strength, and its reliability increases. Changing the orientation
of the inner meshes in the abrasive reinforced wheels (Fig. 3) allows an increase
in tensile strength by an average of 20%, so they can be considered as
orthotropic bodies.

The change in the elastic modules of the material of the wheel as an
anisotropic body is described by the dependence:

E\E,
E,cos* 0+((4E,E,)/E,, — E, — E, )sin® Ocos” 0 + E, sin* 0

where E,, E,, E;,— tensile modules in directions making angles n/2, m,

E(0)

, (14)

7/ 4 with reinforcing mesh fibers.
For the orthotropic wheel we obtain the stress distribution from the action of
centrifugal forces using the stress function:
10*F. (1 2v))\1 &*F. 1 1 d*F,
— +| —- +
E, OR* (G,e E, )R oR%00? E, R} o0*
218F. (1 2v,\1 &F, 1 1 &F,

E,R oR® \G, E. JR 00> E, R® 0R

(1-v, 1)1 &F 1 10dF
+| 2 t— |7t 3 =
L E.  Gg)R* 90> E, R OR
_[leve @ 1oy, 18 (2 1oy )1 15)
"B T E Rt \E, E JR®R|
where E,, E, — tensile modules in main directions R and 6, Pa;
J=-pow’-R*/2 — moment of inertia; G, — shear module for main

directions, Pa.
Considering that the load from centrifugal forces is symmetrical, the stress
function will take the form:

2
Fo = Ay + ByR> +CR™X + DR'K +%(3—K—2V9)R2 ., (16)

where K =/Ey/E, ; v, =vy =v — Poisson’s ratio.
Using relations from the theory of elasticity [10]:
F, °F,
0i=1ac+ 1 2 Ct+J
R OR R* 0’
O*F,

of =S +J; (17)
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we define the stress components and the projection of the displacement:
3+v
po? 210 p2

o) =C(1+K)R* '+ D(1-K)R ¥ - (18)
, K?+3
o5 = C(1+K)KR" '+ D(1-K)KR ¥ —po? =20 R (19)
9-K?
K22
U =S (14 K)(K v )RE + 2 (1-K)R ¥ ECH S/ S
EG Ee Ee 9—K2
Constants C and D are determined from the boundary conditions:
Ug| =0; o) =0, 21
R=Rp> R=R,

pmziﬁ Yo g (K ~1)(K —vg) R

Y
(1=K RERTE(K —vo) + RERE(K +v,) ||

(22)
(= KK —vg)RE 52 K~ = V6 g3
0)RF po” 5 R
3+ V2
1 KRK—] 2 0
(I1+ K)Ry 9_ KzRO

D=

(1—K2>[R§R5K“(K—ve)+R;KRf K +vp) |

Dependences (18) and (19), taking into account equation (22), describe the
stress state of a rotating abrasive reinforced wheel.

In the process of experimental verification of theoretical calculations
physical and mechanical characteristics of wheels (Table 1) with different
reinforcement schemes were determined.

Table 1
Tensile module . Breaking
Poisson’s Tensile angular
Wheel type E, E,, Ess | ratio v strelr\l/lg;h velocity
MPa | MPa | MPa o, Mlba o,s’

41-400%4x32 (one
mesh) for cutting 4394 | 4725 | 3855 0,2 7,4 602
mountain rocks

41-300x3x32 (two

meshes) for cutting | 9550 | 11040 | 9124 0,2 18,5 760
the metal

27-230%6x22,23

(four meshes) for | 10440 | 10870 | 9540 0,2 23,0 1060

cleaning the metal
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The total stresses arising in brittle bodies are calculated using the equation
6% . =60 — Vo, . Based on this, we write down the condition for maintaining
the integrity of the wheel under the action of centrifugal forces:

Ooral = O —VO( < k.0 (23)

C

The dependence of total stresses o,

, on the angular velocity o recorded
during the destruction of the wheels is presented in Fig. 4.

30 |
/4]—300x3x32
,7 (two meshes)

N
[e>]

N
5
=

K ~7 o
= > == -~
@ ‘ K ¢
2 18 S
g < 27-230x6x22,23
= (four meshes)
£ 14 £
= .
T 41-400x4%32
10 - (one mesh)
6

500 700 900 1100 1300
Angular velocity, 5!

Fig. 4. Dependences of stress change on angular velocity

The points K, L, M , marked on the curves, correspond to the destruction
of the wheels. Comparison of the calculated and experimental data shows that
their ratio does not exceed 8 %. During the calculation of the stress state
arising under the action of bending forces, the wheel can be considered as
closed annular plate, clamped along the inner contour and loaded with
concentrated force along the outer contour.

As is known from the methodology for calculating stresses [11] arising in
the wheel under the action of centrifugal forces, the differential equation of
bending in polar coordinates has the form [13]:

DAAW =0, (24)
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EH? L . ~ .
where Dzm — cylindrical stiffness, N-m; H — plate thickness, m;
-v
E — elastic module, Pa; v — Poisson’s ratio, W — deflection, m;

# 1 a0 1 &
A=s—t+—+—+——
oR> R OR R? o0’
Internal forces in the plate (Fig. 3) are expressed in terms of deflection in
following way:

— second order Laplace operator.

2 2
Mr =_D a_W_}_l 6_W+l8_W s (25)
oR?> R| R R 00*
o'w 1w 1 &W
M,=-D —_—t ) 26
0 {v oR> ROR R’ 00 } 20
1o'w 1 8w
M = 1— D - s 27
o =(1-7) {R 0RO R 692} 7
M 2
V=0, Wl D (1) (L )
R 80 OR OROB\ R 00

7

where M,, My, M

unit length of the plate contour, N/m; O, — transverse force, N.

o — bending moments, N-m; ¥, — support reaction per

The maximum stresses in magnitude are achieved in each section on the
surface of the plate and are expressed through internal forces using the ratios:

6M 6M, 6M
cy[;end =z 2r : cs[éend =z 26 : lrJgnd = 2re ) (29)
H H H

We represent the solution of equation (24) in the form of a Fourier series [14]:

W =Fy,(R)+ Y F,(R)cosmb, (30)
m=l1
where F, (R) — function of the variable R, which is determined by
substituting equation (30) into equation (24) and has the form:

Fy(R)= AR +ByR* +Cyln R+ DyR* InR, (31)
F(R)=AR+BR"'+CR*+DRInR, (32)
F,(R)=4,R" +B,R™" +C,R"? +D,R"*?, (33)

where 4,, B,,, C,, D, (m=0,1,2,...) — arbitrary constants determined in
the case under consideration from the following boundary conditions:
Wpr, =0, (34)

dw

utii =0, 35
dR |p_p, G3)
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M, |yg, =0 (36)
F 0

V, o =224 (1+ > cosmGJ. (37)
et TCR(? m=1

Performing the corresponding operations of differentiation over series in
equation (30), we obtain a Fourier series expansion for the functions

dw
d—R(R,e), M, (R,0), V,(R,0), My(R,0), M,,(R,0):

‘;—szo(k)+ §]¢m(R)cosme , (38)
M, = uo(R)+ 3 by (R)cosmb. (39)
V. =vy(R) + n;ii] v, (R)cosmb, (40)
My = \VO(R)+§]\um(R)cosm9, (41)
Moo =ny(R)+ 3 m, (R)cosmo. 42)

where ¢,,, W, , V,,, V,,, M, — functions that include arbitrary constants.

Taking into account equations (38)...(42) and (30), boundary conditions
equations (34)...(37) are reduced to the following systems of linear equations
relatively to unknowns 4,,, B,, C, , D, (m=0,1,2,..):

Fbend , m= 0
2mR,
Fm(R])zo; (pm(R])zo; ;,Lm(Rz):O; vm(Ro)= P .43
—bend "y 20
R, ’

Having determined from equation (43) arbitrary constants for each
harmonic of the series (30), we can use formulas equations (25)...(27) to
calculate the internal forces in the abrasive wheel, and then using equation (29)
— stresses caused by bending. The results of the action of various force factors
are summed up and the main stresses are calculated:

c iend c bend
Crotal = (cr + 0, )—v(ce + 0y ) . (44)

The developed model of the stress-strain state of an abrasive reinforced
wheel allows predicting its strength characteristics, which will ensure safe and
reliable exploitation.

Conclusions

As a result of theoretical and experimental studies it was determined that an
abrasive reinforced wheel is an anisotropic body. The main force factors
affecting the strength of abrasive wheels are bending and centrifugal forces,
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while for grinding wheels the influence of bending and centrifugal forces
should be taken into account and for cutting wheels — centrifugal forces.

The greatest danger from the point of view of breaking the wheel is its
working part at the contour of the clamping flange of the drive machine. The
elastic modules of the wheel ligament significantly exceed the elastic modules
of the reinforcing mesh, therefore, it practically does not perceive the load at
the initial stage of loading. The role of the reinforcing mesh is to maintain the
integrity of the wheel after the formation of cracks in it.

To increase the strength of the wheel, it is advisable to additionally
reinforce with meshes of small diameter at the contour of the clamping flange
of the drive machine, and also to increase the scatter of the characteristics of
elasticity and strength of the polymer matrix of the wheel. The developed
algorithm for calculating the strength indicators of abrasive reinforced wheels
allows you to calculate forces that arise in it, which makes it possible to predict
their reliability and safer operation.
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Cmamms naodiiwna 0o pedaxyii 13.12.2021

Abpawxkesuy 0 /1., Mauwuwun I'.M., Mapuenko O.A., baraxa M.M., )Kykoea O.I".
NIABUIEHHS MEXAHIYHOI MILIHOCTI ABPA3SUBHOI'O APMOBAHOI'O KPYT'A

MexaHiuHa MiOHICTH HeapMOBAaHHMX aOpa3sMBHHUX KPYriB BH3HAYAETHCS BIALCHTPOBHMH Ta
3rHHAJIBHUMHU CHJIAMH, aJie iX PO3IOLI U apMyBaHHI HeBigoMuid. [IpumyieHo, o HanpyKeHHs
PO3HOAIIAIOTECS PIBHOMIPHO, ajie MOPIBHSHHS PO3PaxXyHKIB 3a TEOPIEI0 HPY)KHOCTI Ta PeabHUX
XapaKTepUCTHK Ha CICLiaJIbHOMY CTEHIl I[O0Ka3ano IOBHY po30ixHicTs. IlpoBenenus
BUIIPOOYBaHb KPYriB Ha PO3TAr JO3BOJMJIO MOPIBHATH PE3YJIbTATH HANPYXKEHb Y KOJIOBOMY Ta
pajianbHOMY HampsMKax. BcTaHOBieHO, IO apMOBaHMH Kpyr € aHi30TPOIIHHM TiJIOM.
AHI30TPOMNII0 MOXHA 3MCHILHUTH, 3MiCTUBILH OAHY apMYyI04y CITKY BiZHOCHO iHIIOI Ha KyT 45°. Y
po6oTi pO3po0JIEHO MaTeMaTHYHYy MOJENb HAIPYXKEHO-Ie()OPMOBAHOrO CTaHy aOpa3sMBHOIO
apMOBAHOI'O0 Kpyra 3 ypaxyBaHHSAM aHi3oTpomii #Horo BuactuBocteit. [l BHU3HAYCHHS
BIILICHTPOBHUX CHJI 3aCTOCOBYETHCSI TEOPist NPY)KHOCTI [UIsl OPTOTPOIHOrO Tifia. 3rHHANBHI CHIIH,
[0 BHHHUKAIOTh y MpAaLIOIOYOMY Kpy3i, BH3HAUYagMCs IPH BHPIIICHHI 3ajadi HpoO pPO3MOIiN
nebopMmariii B KiNbLEBi aHI30TPONHIM IUIACTHHI, JKOPCTKO 3aKPIIUICHOI MO BHYTPILIHBOMY
KOHTYpy. B pe3ynbrari eKCHepuMEHTaJIbHUX JOCHIIPKeHb BCTAHOBJICHO, IO HAIPYXCHHS
nocsraiots 8..23 MIlla, mo Mo)XHa MOPIBHATH 3 MEKE MIIHOCTI MaTpuui Kpyra. Monynb
HPYKHOCTI MaTpHLI Kpyra IOMITHO OijbIe MOIYJIS IPY)KHOCTI apMyIO4Ol CITKH, SKa IPAKTHIHO
He ChpuiiMae HABaHTAXKCHHS Ha I0YaTKOBOMY eTami. Po3poOieHa MateMaTHdYHa MOJENb
IOKa3HHKIB MIIIHOCTI aOpa3MBHUX apMOBAaHMX KPYTIiB JO3BOJISE IPOTHO3YBATH TXHIO HAJIHHICTb Ta
Ge3reyHy eKCIuIyaTallito.

KurouoBi ciioBa: abpasuBHHI apMOBaHMII Kpyr, MILHICTB, apMylo4a CiTKa, BIALECHTPOBI Ta
3rUHAJIBHI CHUIH, Ae(OopMaLlis.

Abrashkevych Yu.D., Machyshyn HM., Marchenko O.A., Balaka M.M., Zhukova O.H.
MECHANICAL STRENGTH INCREASING OF ABRASIVE REINFORCED WHEEL

The mechanical strength of unreinforced abrasive wheels is determined by centrifugal and
bending forces, but their distribution during reinforcement is unknown. It was assumed that the
stresses are distributed evenly, but a comparison of calculations on the theory of elasticity and real
characteristics on a special stand showed complete discrepancy. Tensile tests of the wheels made it
possible to compare the stresses results in the circumferential and radial directions. Was found that
the reinforced wheel is an anisotropic body. Anisotropy can be reduced by displacing one
reinforcement mesh relatively to the other by angle of 45°. In this paper, a mathematical model of
the stress-strain state of the abrasive reinforced wheel was developed, taking into account the
anisotropy of its properties. To determine the centrifugal forces, the theory of elasticity for an
orthotropic body is applied. The bending forces that arise in the working wheel were determined
during solving the problem of the distribution of deformations in the anisotropic annular plate
rigidly fixed along the inner contour. As a result of experimental studies, it was found that stresses
reach 8...23 MPa, which can be compared with the ultimate strength of the wheel matrix. The
elastic module of the wheel matrix is noticeably greater than the elastic module of the reinforcing
mesh, which practically does not perceive the load at the initial stage. The developed mathematical
model of the strength indicators for abrasive reinforced wheels makes it possible to predict their
reliability and safe operation.

Keywords: abrasive reinforced wheel, strength, reinforcing mesh, centrifugal and bending
forces, deformation.
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Abpawxkesuy 10 /1., Mauuwun I'.H., Mapuenko A.A., baraka M.H., ’Kyxoea E.T".
MOBBIIIEHAE MEXAHUYECKOM ITPOYHOCTHU ABPABUBHOI' O
APMHUPOBAHHOI'O KPYT'A

MexaHuueckass IpPOYHOCTb ~ HEAPMUPOBAHHBIX  aOpasuUBHBIX  KPYroB  OIperessercs
l.leHTpOﬁe)KHblMl/l u H3FH63}0LLLI/IMI/I CUJIaMU, HO UX pacnipeacJI€HUE Ipu apMUPOBAaHUHA HEU3BECTHO.
IpennonoxeHo, 4To HANPSDKEHUS PACHPEEIISIOTCS PABHOMEPHO, HO CPaBHEHHE PAcyeToB I10
TEOPUU YHPYrOCTH M pPEAJbHbIX XapaKTEePUCTUK Ha CIELHUAJIBHOM CTEHJAE MOKa3aJlo IOJHOE
pacxoxxacHu¢E. Hpose;lel-me l/lCl'lblTaHl/li"l KpPYroB Ha pacTsAKCHUEC ITO3BOJIUJIO CPABHUTL PE3YJIbTAThI
HalNpsHKEHUH B OKPYKHOM M paJinajibHOM HalpaBJICHUSX. Y CTAHOBJIEHO, YTO apMUPOBAHHBII KpyT
ABJISIETCA AHHU30TPOITHBIM TECJIOM. AHl/l30Tp01'll/llO MOXHO YMEHBIINUTB, CMECTHUB OOHY
APMUPYIOILYIO CETKY OTHOCHTEJIBHO Apyroi Ha yron 45°. B pabore pazpaborana maremaTudeckas
MOJeb HAIpsDKEHHO-Ie()OPMHUPOBAHHOIO COCTOSIHUSI aOpa3sMBHOrO apMHPOBAHHOTO Kpyra ¢
Y4YETOM aHU3OTPOIMHU €ro CBOWCTB. [l onpenesieHns: LeHTPOOESKHBIX CHII IIPUMEHSETCS TEOpHs
YHOPYrOCTH IJIi OPTOTPOMHOro Tena. M3rubaromme CHibl, BOSHHKAIOLIME B PabOTAIOLIEM KpyTe,
OIPEACISUIMCH NPH PELICHUH 3a/1a4d O pacrpe/esieHnH aeopMaliiii B aHU30TPOITHON KOJIbLIEBOM
IUIACTHHE, JKECTKO 3aKPEIJICHHOH 110 BHYTPEHHEMY KOHTYpY. B pe3ynbraTe 3KcHeprMMEeHTalbHbIX
UCCJIEJOBAaHUIl yCTAHOBJICHO, YTO HAaNpshKeHUs pocturatoT 8...23 MIla, 4yTo MOXKHO CpPaBHUTH C
HpEesoM TPOYHOCTH MATpullbl Kpyra. Moayiab yHpyrocTd MaTpHLbl Kpyra 3aMeTHO Oouiblie
MOJLyJIsl YIIPYrOCTH apMUPYIOLIEH CETKH, KOTopas NPAaKTHYECKH HE BOCIPUHUMAET HArpys3Ky Ha
HavaibHOM dTarne. Pa3paboTanHas MaTeMaTHYeCKasl MOJENIb ITOKa3aTeneil MPOYHOCTH abpa3HBHBIX
apMUPOBAHHBIX KPYroB MO3BOJSIET IPOrHO3MPOBATH HMX HAIGKHOCTH M 0E30MACHYIO
JKCILTyaTaLHUIo.

KiroueBble ci1oBa: aOpa3suBHBIH apMHPOBAHHBIH Kpyr, NPOYHOCTH, ApMHUPYIOLIAsi CETKa,
LIEHTPOOKHBIC U H3rnbaroLue CHIIbL, AedopManust.

YK 621.922

Abpawxkesuy 10 /1., Mauyuwun I'M., Mapuenxo O.A., barakxa M.M., )Kyxoea O.I'. TlinBumeHHs
MeXaHiYHOI MiIHOCTi aGpa3sMBHOro apMoBaHoro kpyra // Omip marepiaiiB i Teopis cropyi:
Hayk.-Tex. 30ipH. — K.: KHYBA. 2022. — Bun. 108. — C. 295-308.

YV po6omi pospobreno mamemamuuny mMooenv HANPYI’CEHO-0eGHOPMOBAN020 cmany abpasusHozo
apmMoeano20 Kpyea 3 YpaxyeawHam auizomponii uoco eracmueocmeil. [ 6USHAUEHMHS
8I0YEHMPOBUX CUIL 3ACMOCOBYEMbC MEOPIs NPYHCHOCMI O OPMOMPONHO20 Mina. 32UHANbHI
CUNU, WO BUHUKAIOMb Y NPAYIOIOUOMY KPY3I, BUSHAYANUCA NPU GupiuenHi 3a0aui npo po3nooin
dehopmayiii 8 Kinbyesiil AHI30MPONHIU NAACMUHI, HCOPCMKO 3AKDINICHOI NO GHYMPIUHbOMY
xoumypy. Mooyae npysjcnocmi mampuyi Kpyea nOMimHO Oinbuie MOOYISL NPYICHOCII apMyIouoi
cimKu, AKa NPAKMU4HO He CNPUNMAE HABAHMAICEHHS HA NOYAMKOBOMY emani.

Ta6um. 1. In. 4. Bibmiorp. 14.

UDC 621.922

Abrashkevych Yu.D., Machyshyn HM., Marchenko O.A., Balaka M.M., Zhukova O.H.
Mechanical strength increasing of abrasive reinforced wheel // Strength of Materials and
Theory of Structures: Scientific-and-technical collected articles. — K.: KNUBA. 2022. — Issue 108.
—P.295-308.

The mathematical model of the stress-strain state of the abrasive reinforced wheel was developed
in this paper, taking into account the anisotropy of its properties. To determine the centrifugal
forces, the theory of elasticity for an orthotropic body is applied. The bending forces that arise in
the working wheel were determined during solving the problem of the distribution of deformations
in the anisotropic annular plate rigidly fixed along the inner contour. The elastic module of the
wheel matrix is noticeably greater than the elastic module of the reinforcing mesh, which
practically does not perceive the load at the initial stage.

Table 1. Fig. 4. Ref. 14.
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Abpawxkesuu 10 /J]., Mauuwun I'"H., Mapuenxo A.A., Baraka M.H., )Kykoea E.I'. IloBbllIeHnE
MeXaHMYeCKOil MPOYHOCTH afpa3sMBHOIO apMHpoBaHHOro kpyra // CompoTHBieHHE
MaTepHaIoB U TEOPHsI COOPY)KEHHI: Hayd.-TeX. coopH. — K.: KHYCA. 2022. — Bun. 108. — C. 295-
308.

B pabome paspabomana mamemamuieckas MoOeib HAnPAd’CeHHO-0eQhoOPMUPOSAHHO20 COCNOSHUSL
abpasusno2co apMUpOSaHHO20 Kpyed € Y4emom auuzomponuu e2o ceoucme. J[ns onpedenenus
YEeHmPOOEeICHbIX CUL NPUMEHSIEMCS Meopusi YRpy2ocmu 05 opmomponnozo mena. Mseubaiowjue
Cubl, 6O3HUKAIOWUE 8 pAbOMalowemM Kpyee, Onpedesiiuch npu peueHuu 3a0a4u o pacnpeoeieHuu
Odepopmayuil 6 anu30MPONHOU KOIbYEBOU NIACMUNE, HCECMKO 3AKPENIEeHHOU N0 GHYMPEHHEMY
xkonmypy. Modyne  ynpyeocmu  mampuybl Kpyea 3amemuo 6oavuie MOOYIs  YpYeoCcmu
apmupyioweil cemxu, Komopas nPaKmuyecK He 0CHPUHUMAE HAZPY3KY HA HAYATbHOM dMane.
Tab6u. 1. V. 4. bubawmorp. 14.
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