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In order to carry out experimental studies of the process of cutting highly abrasive materials with
abrasive reinforced wheels, a dynamometer stand for registering the force load of the author's design
of the KNUCA was modified, which made it possible to conduct full-fledged experimental studies
taking into account all the valid factors of the interaction of the working environment and the working
body during cutting with the supply of water to the cutting zone to dedust the working process As a
working environment, it is proposed to use refractory bricks, and as a working body - an abrasive
reinforced wheel for cutting highly abrasive materials with a strength of up to 60 MPa. As a result of
the research conducted for the dynamometric stand for force load registration during the study of the
process of cutting highly abrasive materials with an abrasive reinforced wheel, the tangential forces
that perform the work of destruction and overcoming friction between the side surfaces of the wheel
and the material were analytically determined. According to the results of theoretical studies, it was
established that the limits of the change in the resistance to cutting, determined for a natural
installation for cutting highly abrasive materials (refractories) with an abrasive reinforced wheel and
for a laboratory stand, are the same, and the nature of their change is also similar and related by a
similarity coefficient.

In order to check the adequacy of theoretical calculations, experimental studies of cutting
refractory bricks with temporary resistance to uniaxial compression of the rock ¢,=60 MPa were
carried out on a dynamometric stand. When conducting experimental studies, normal and tangential
forces were simultaneously measured, which perform the work of destruction and overcoming friction
between the side surfaces of the circle and the material. The main attention was paid to oscillograms
of tangential (directed tangentially to the working body) forces. The conducted experimental studies
fully confirm the adequacy of the theoretical calculations, and the comparison of the theoretical and
experimental results of determining the tangential cutting forces showed their sufficient convergence
and, accordingly, the legitimacy of using analytical expressions when calculating the power
parameters of machines with an abrasive tool. The values of the tangential cutting forces that perform
the work of destroying and overcoming the frictional forces between the side surfaces of the wheel
and the material, which were determined theoretically taking into account the similarity coefficients
used in physical modeling for the given laboratory bench for recording the cutting forces of highly
abrasive materials by abrasive reinforced wheels, compared with the results tangential cutting forces
determined experimentally on this stand. The maximum value of the error in determining the
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tangential cutting forces theoretically and experimentally on the laboratory bench for recording the
cutting forces of highly abrasive materials with abrasive reinforced wheels is As=13,8%.

Keywords: laboratory stand, experimental studies, abrasive wheel, forces, cutting speed, feed
speed.

Introduction. Construction and assembly works are characterized by the
fact that they are performed in purely specific conditions, which differ from
the conditions of factory production. These works can be performed in limited
conditions, in places difficult to access, in open areas, etc. [1]. Cutting
machines, the working body of which are abrasive reinforced wheels, were
especially widely used during construction and assembly works [1, 2]. For the
successful operation of cutting machines with abrasive reinforced wheels,
strict conditions are imposed on the processing method and the design of the
corresponding mechanisms, on their working tools, which, in turn, affects
economic efficiency, high energy performance, and ease of use [1-5].

Despite the indicated advantages and great interest in abrasive processing of
materials for construction, assembly and repair works, its possibilities have not yet
been fully revealed [6]. This is mainly due to the fact that not enough attention is
paid to the study of the peculiarities of work in such conditions, which occur in the
process of abrasive processing of various materials, as well as to its practical
implementation. The mass (industrial) use of this method of processing is
connected with the solution of a number of problems to increase the efficiency of
their use: optimization of cutting modes and heating of the processing material,
improvement of accuracy, increase of indicators of stability of the abrasive tool,
reduction of time for further processing, improvement of ergonomic indicators of
the operator's work at mechanization of production processes. Therefore, the issue
of the theory and practice of abrasive wheel processing processes, the disclosure of
its physical mechanism requires further in-depth study.

Analysis of publications. In order to check the adequacy of theoretical
studies, experimental studies are conducted followed by a comparative analysis
of the results obtained in the process of theoretical and experimental studies. In
works [1-7] equipment for assembly work, the working body of which is
abrasive reinforced wheels, is considered, calculations of their operational
indicators, power parameters are given, the influence of thermal processes on the
performance of cutting tools, features and operating conditions of the specified
machines are investigated. The work [8] presents the development of a device
for cutting highly abrasive materials with diamond discs and abrasive reinforced
circles. In works [9-11], a method of non-parametric construction of the
dynamics of abrasive wear of working surfaces is proposed and the factors
affecting abrasive wear resistance are considered, the differences in the
calculations of high-speed working bodies depending on the kinematics of their
work processes are given. The works [12-17] present mathematical models for
technical systems with different intensity of movement of working (executive)
bodies, give their detailed description with working conditions, and provide a
solution that makes it possible to evaluate the dynamics of such systems taking
into account the connections between the source energy, intermediate elements,
transmission mechanism and working body. The conducted analysis of literary
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sources allows us to create an idea of the dependence of power parameters of
working bodies of technical systems on their kinematic characteristics.

Purpose of the paper. The purpose of this work is to present the results of
experimental studies of cutting highly abrasive materials with abrasive
reinforced wheels, followed by a comparative analysis of the results obtained in
the course of theoretical studies.

Research results. As a rule, natural research objects and their models are
used for conducting experimental research [18]. In a natural experiment, means
of experimental research interact directly with the object of research, and in a
model experiment - with its simulated prototype. When conducting model
experimental research, the model acts as a means of experimental research and a
direct object of research. Nowadays, the creation of a natural installation for
cutting highly abrasive materials (refractories) with an abrasive reinforced wheel
for the purpose of conducting experimental research would lead to a significant
expenditure of time and money. Taking this into account, a physical model of an
installation for cutting highly abrasive materials with abrasive reinforced circles
[19]. was built, which is similar to a full-scale installation for cutting highly
abrasive materials [8]. As a physical model of the installation, taking into
account the similarity coefficients and the intended research tasks, a
dynamometer stand [20-23] for registering the force load (Fig. 1) of the author's
design of the KNUCA for researching the process of cutting highly abrasive
materials with an abrasive reinforced wheel was refined, which allowed to
conduct full-fledged experimental studies with taking into account all valid
factors of the interaction of the working environment and the working body
during cutting with the supply of water to the cutting zone for dedusting the
work process.

—

Fig. 1. Dynamometric bench for registering force load
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The laboratory stand, which allows you to perform dynamometric
measurements, has the following structure: a frame on which a trolley is
mounted on guide beams with the help of rollers, a holder is attached to it
through tensometric beams, in which the mechanism for driving the rotation of
the working body - an abrasive reinforced wheel - is fixed through an adapter.
The trolley of the laboratory stand is equipped with a lifting and lowering
mechanism with a handle that allows you to adjust the cutting depth. The
possibility of horizontal movement of the cart is realized by means of a screw-
nut transmission, a V-belt transmission with a gear ratio » =2,5 and an electric

motor with power N =2,5kW and frequency of rotation of the rotor
n=980rot/min with a control panel and limit switches.

The trolley is equipped with a tare mechanism for a horizontal beam and a
tare mechanism for a vertical beam. The test material is rigidly fixed on the
mounting surface with the help of a mechanical vice. As a mechanism for
driving the rotation of the working body N =2,2kW , a manual angle grinder

with a capacity of an abrasive reinforced circle with a diameter d =125mm
and frequency of rotation n=3000...11000 rot/min was used. A refractory
brick with temporary resistance o, =60MPa to uniaxial rock compression

was used as the experimental material.

The speed of the horizontal movement of the carriage with the angle grinder
in the cutting zone was ensured by connecting the drive electric motor through
the frequency converter "Frecon" FR150A. Thanks to the frequency converter, it
is possible to change the current frequency of the drive electric motor, which in
turn leads to a change in the speed of the horizontal movement of the cart with
the angle grinder in the cutting zone. The frequency of rotation of the abrasive
reinforced wheel was set using the regulator of the manual angle grinder. The
number of revolutions was measured using a digital phototachometer.

For the given laboratory stand for recording the cutting forces of highly
abrasive materials with abrasive reinforced wheels with the equipment
described above, taking into account the similarity coefficients used in
physical modeling, the tangential forces that perform the work of destruction
and overcoming friction between the side surfaces of the wheel and the
material were determined [5, 8, 24, 25]:

X
PZ=KZ-V” o, H" +K, -0, -H", (1)
Vi
where K, — is a coefficient that depends on the composition of the abrasive

mass of the wheel, m; ¥, — feed speed — horizontal movement of the cart with
the angle grinder in the cutting zone, m/s ; V, — circular cutting speed, m/s;
o, — temporary resistance to uniaxial compression of the rock, Pa; H —
cutting depth, m; K, — coefficient depending on the design of the circle, m;
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x, v, y, z5 —degree indicators that depend on the conditions of interaction
of the working body with the working environment.

For the laboratory bench, taking into account the similarity coefficients used
in physical modeling [19], the parameters included in equality (1) have the
following values: K, = 35,5-10’2 m; K, = 5,35-10°m ; o, =60MPa;
H=0,028m; x=0,75; y=0,75; »=0,75; z,=0,7.

Substituting into equation (1) the feed rate of the working body within the
range of ¥, =0,0005 m/s to ¥, =0,02m/s with a step AV, =0,001m/s, was
calculated tangential cutting forces at values of circular cutting speed
V,= 20,30,40,50,60,70,80,90m/s . The results of the calculations are given

in the table. 1. Based on the data in table. 1 graphs of changes in the tangential
cutting force depending on the feed rate at different values of the circular
cutting speed are plotted (Fig. 2).

Analysis of graphs in fig. 2 shows that at all values of the circular cutting
speed, the dependence of the tangential cutting force on the feed rate in the
range from ¥, =0,0005m/s to ¥, =0,005m/s has a curve that turns into a

linear dependence after the value of the feed rate ¥, =0,005m/s .

Table 1
Results of tangential cutting force calculations P,, N

v, Feed speed V,, m/s

m/s 0,0005( 0,001 | 0,002 | 0,003 | 0,004 | 0,005 | 0,006 | 0,007 | 0,008 | 0,009 | 0,01

20 | 1319 | 1949 | 3009 | 3938 | 4792 | 5593 | 6355 | 7086 | 7791 | 8474 | 9138

30 [ 1076 | 1541 | 2323 | 3009 | 3639 | 4230 | 4792 | 5331 | 5851 | 6355 | 6845

40 | 944 | 1319 | 1949 | 2502 | 3009 | 3485 | 3939 | 4373 | 4792 | 5198 | 5593

50 859 | 1176 | 1709 | 2177 | 2606 | 3009 | 3392 | 3760 | 4114 | 4458 | 4792

60 799 | 1076 | 1541 | 1949 | 2323 | 2675 | 3009 | 3330 | 3639 | 3939 | 4230

70 755 [ 1002 | 1416 | 1779 | 2113 | 2426 | 2724 | 3009 | 3285 | 3552 | 3811

80 721 | 944 | 1319 | 1647 | 1949 | 2232 | 2502 | 2760 | 3009 | 3251 | 3486

90 693 | 897 | 1240 | 1541 | 1818 | 2077 | 2323 | 2560 | 2788 | 3009 | 3224

v, Feed speed V,,, m/s

m/s 0,011 {0,012 0,013 0,014 { 0,015] 0,016 | 0,017 0,018 | 0,019 | 0,02

20 | 9786 [10419]11040|11648(12246|12833]13412|13982|14545|15100

30 | 7323 | 7791 | 8248 | 8697 | 9138 | 9572 | 9999 |10419]10834|11244

40 | 5979 | 6355 | 6724 | 7086 | 7441 | 7791 | 8135 | 8474 | 8808 | 9138

50 | 5118|5437 | 5749 | 6055 | 6355 | 6651 | 6942 | 7229 | 7511 | 7791

60 | 451414792 | 5064 | 5331 | 5593 | 5851 | 6105 | 6355 | 6602 | 6845

70 | 4064 | 4312 | 4554 | 4792 | 5026 | 5255 | 5481 | 5704 | 5924 | 6141

80 | 3715|3939 | 4158 | 4373 | 4584 | 4792 | 4997 | 5198 | 5397 | 5593

90 | 3434 | 3639 | 3840 | 4037 | 4230 | 4420 | 4608 | 4792 | 4974 | 5154
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Fig. 2. The graph of changes in the tangential cutting force depending on the feed rate:
1- ¥, =20m/s;2— ¥, =30m/s:3— V, =40m/s;4— V, =50ms;

5—V, =60m/s;6- V, =70m/s;7— ¥, =80m/s:8— ¥, =90m/s

The limits of the change in the resistance to cutting, determined for a natural
installation when cutting highly abrasive materials (refractories) with an abrasive
reinforced wheel and for a laboratory stand, are the same, and the nature of their
change is also similar and related by a similarity coefficient [19].

In order to check the adequacy of theoretical calculations on a
dynamometric stand (Fig. 3), experimental studies of cutting refractory bricks
with temporary resistance to uniaxial compression of the rock o, = 60MPa

were carried out.

Fig. 3. Cutting refractory bricks on a dynamometric stand
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A refractory brick was fixed in the clamp, and the cutting depth was set
using the deepening mechanism, the value of which, according to the similarity
coefficient, is equal to H =0,028m [19]. For each cut, using a frequency

converter, the feed speed of the working body was ensured within the range
from ¥, =0,005m/s to ¥, =0,009m/s with a step AV, =0,001m/s. The
value of the circular cutting speed ¥, =40m/s, ¥, =60m/s, ¥, =80m/s

was provided by the speed controller of the angle grinder.

When conducting experimental studies, normal and tangential forces were
simultaneously measured, which perform the work of destruction and
overcoming friction between the side surfaces of the circle and the material
[26]. The strain gauge effect is the basis of resistance measurement methods
[26] — a change in the electrical (i.e., ohmic) resistance of the metal wire of the
sensor during its elastic deformation with the help of strain gauge beams. The
signal was amplified by modern instrumental amplifiers manufactured by
Analog Devices. A 10-bit module is used as an analog-to-digital converter
(ADC), which is part of the PIC (Peripheral Interface Controller)
microcontroller family. Therefore, the measurement data was recorded with
the help of high-tech measuring and recording equipment, which made it
possible to quickly and without repetitions from primary data to obtain
sufficiently accurate estimates of the interaction of highly abrasive materials
with an abrasive reinforced wheel. The obtained results in the form of an array
of points are recorded in real time (oscillograms) (Fig. 4).

In the future, the oscillograms were processed using modern software called
"Tenzo Cut", which eliminated the time-consuming process of data processing.
Thanks to this, the number of measurements of the cutting force was
minimized with the specified accuracy and reliability of the results of the
experiment with the probability of the obtained data from 0.90 to 0.95.

The main attention was paid to the oscillograms of tangential (directed
tangentially to the working body) forces that perform the work of destruction
and overcoming friction between the side surfaces of the circle and the
material. The obtained oscillograms were brought to the beginning of the
horizontal axis of coordinates, shifting the smallest value to the level of the
zero mark and programmatically converted into power values H (carried out
calibration).

After calibrating the oscillograms using the software calculation module,
the average value of the tangential forces at the established mode of cutting
refractory bricks on the dynamometer bench was determined (fig. 4, c¢,d).
Having previously set the range on the calibrated oscillogram, the initial and
final marks on the horizontal coordinate axis are set. The results of the
calculations are given in the table. 2.

Based on the data in the table 2 graphs of changes in the tangential cutting
force depending on the feed rate at the values of the circular cutting speed are
plotted ¥, =40m/s, ¥, = 60m/s and V', =80m/s (fig. 5).



368 ISSN2410-2547
Omip matepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2023. Ne 110

= =
e e el T |
I gt
i
| S Ayl MW”\M/"'"“WW{
H : B "
Iv‘ ,," ! b B sy
ol f‘
e

3 h
£ st

[E ]|

| g g e

o i

T

o v

CEa— P

~~~~~ wl ol sl | | w| | ee| [E=] @ _ee

© (d)
Fig. 4. Oscillograms of tangential refractory brick cutting forces on dynamometer stand at
v, =40m/s, ¥, =0.007m/s ((a).(c)and ¥, =40m/s, ¥, =0.008m/s ((b), (d)):
(a), (b) — results as an array of points recorded in real time (oscillogram);

(c), (d) — waveforms are reduced to the beginning of the horizontal axis of coordinates and
programmatically converted into force values (tare performed)

bed e |

Table 2
Value of tangential cutting force P, (N) obtained experimentally
v, Feed speed V,,, m/s
m/ s 0,005 0,006 0,007 0,008 0,009
40 3411 3903 4320 4714 5113
60 2611 3013 3306 3618 3921
80 2215 2508 2713 3007 3206

Analyzing the graphs in fig. 5, it can be seen that at all values of the circular
cutting speed, the dependence of the tangential cutting force on the feed rate
has a linear relationship.

To check the adequacy of the results of theoretical calculations, a
comparative analysis of similar parameters determined experimentally was
carried out. The values of the tangential cutting forces that perform the work of
destroying and overcoming the frictional forces between the side surfaces of
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the wheel and the material, which were determined theoretically taking into
account the similarity coefficients used in physical modeling for the given
laboratory bench for recording the cutting forces of highly abrasive materials
by abrasive reinforced wheels, compared with the results tangential cutting
forces determined experimentally on this stand (Fig. 6).
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. 5. Graphs of changes in the tangential cutting force obtained experimentally, depending on the

feed rate: 1 — Vp =40m/s;2— Vp =60m/s;3— Vp =80m/s
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Fig. 6. Comparative analysis of theoretical and experimental results of tangential cutting forces:
1.1, 2.1, 3.1 — theoretical data at Vp = 40m/s N Vp = 60m/s and Vp = 80m/s ;

1.2,2.2, 3.2 — experimental data at Vp =40 m/s s Vp =60 m/s and Vp =80 m/s

The error of determining the tangential cutting forces, obtained theoretically
and experimentally, is determined by the dependence:

6, —0
As = M 100, 2)
E
where o; — is the value from the graph obtained experimentally; §; — the

value from the graph obtained theoretically.
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The maximum value of the error in determining the tangential cutting forces
theoretically and experimentally on the laboratory stand for recording the
cutting forces of highly abrasive materials with abrasive reinforced circles is
A5 =13,8%.

Thus, as a result of the experimental studies, the value of the tangential
cutting force at different values of the feed speed of the working body was
determined. A comparison of the theoretical and experimental results of
determining the tangential cutting forces showed their sufficient convergence
and, accordingly, the legality of using analytical expressions when calculating
the power parameters of machines with an abrasive tool.

Conclusions. As a result of the research conducted for the dynamometric
stand for force load registration during the study of the process of cutting
highly abrasive materials with an abrasive reinforced wheel, the tangential
forces that perform the work of destruction and overcoming friction between
the side surfaces of the wheel and the material were analytically determined.
According to the results of theoretical studies, it was established that the limits
of the change in the resistance to cutting, determined for a natural installation
for cutting highly abrasive materials (refractories) with an abrasive reinforced
wheel and for a laboratory stand, are the same, and the nature of their change is
also similar and related by a similarity coefficient.

In order to check the adequacy of theoretical calculations, experimental
studies of cutting refractory bricks with temporary resistance to uniaxial
compression of the rock o, =60MPa were carried out on a dynamometric

stand. The conducted experimental studies fully confirm the adequacy of the
theoretical calculations, and the comparison of the theoretical and experimental
results of determining the tangential cutting forces showed their sufficient
convergence and, accordingly, the legitimacy of using analytical expressions
when calculating the power parameters of machines with an abrasive tool.

The maximum value of the error in determining the tangential cutting forces
theoretically and experimentally on the laboratory stand for recording the
cutting forces of highly abrasive materials with abrasive reinforced circles is
A5 =13,8%.
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Maxcum 1ok FO.B., I[Touka K.I., Abpawxesuu FO./[., [Ipucmaiino M.O., Honiwyx A.IT.
PE3YJIbTATU EKCHEPUMEHTAJIBHUX JOCJIIKEHb PI3AHHS
BUCOKOABPA3UBHUX MATEPIAJIIB ABPABUBHUMU APMOBAHUMHU
KPYI'AMHU

Jlisi 1poOBENEHHsST EKCIIEPHUMEHTAIBHUX [JOCTIIKEHb IPOLECY Ppi3aHHSA BHCOKOAOpa3sHBHHUX
MaTepiajiB aOpa3HBHHMH apMOBaHUMH KpPyraMH [OONpPAbOBAHO IHHAMOMETPHYHUH CTEH[
peecrpallii CHJIOBOro HaBaHTa)KeHHs aBTOPChKOI KoHCTpyKiil KHYBA, 1110 103B0sHIO TIPOBECTH
HOBHOLIIHHI €KCIIEPUMEHTANIbHI JOCIIIKEHHSI 3 BpaxyBaHHSAM BCIX YMHHHX (DaKTOpIB B3aeMomil
po6GoYoro cepenoBuina Ta pobOYOro opray IIij| 4ac pi3aHHs 3 MOJAYCIO BOAU B 30HY pi3aHHs U1
obe3nuiieH st po6o4oro npoiecy. B skocti po6oyoro cepeoBuiia 3anpornoHOBaHO BUKOPUCTAHHS
BOTHETPHBKOI LIETIH, a B SKOCTI poO0OYOro oprany — abpa3uBHHII apMOBaHHMIl Kpyr ULl pi3aHHS
BHCOKO0aOpa3uBHUX MaTepiaiiB MinHicTio 1o 60 MIla. B pe3ynbraTi IpOBEACHUX MOCIIKEHD UL
JIMHAMOMETPUYHOI0 CTEHJAa peecTpalil CHJIOBOrO HABAaHTAKCHHsS INpPH JOCIIUKEHHI Hpolecy
pi3aHHs BHCOKOAOpa3sHBHHUX MaTepiaiB abpasMBHUM apMOBAHHM KPYTOM aHATITUYHO BH3HAYCHO
TaHTEHL{iaIbHI 3YCHJUIL, sIKI BUKOHYIOTH POOOTY IO pYyHHYBaHHIO 1 IMOJOJAHHIO TEPTS MDK
OIYHMMHM IIOBEPXHSAMH Kpyra 1 MarepiajoM. 3a pe3yJbTaTaMH TEOPETHYHUX MOCIIIKEHb
BCTaHOBJICHO, LII0 MEXi 3MIHH CHJIM OMOPY Pi3aHHIO, BU3HAYEHOI [l HATYPaJIbHOI YCTAHOBKH IS
pi3aHHs BHCOKOaOpa3MBHHUX MarepiaiiB (BOTHETPHBIB) aOpa3sMBHHUM apMOBAHMM KPYroM Ta Ul
11a60paTOPHOro CTEHY, OJHAKOBI, a XapakTep iX 3MiHH TaKOX IMOAIOHMI 1 OB sI3aHi MK COOOI0
KoedilieHToM moaiGHOCTI.
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3 METO0 IEepeBipKH aJeKBATHOCTI TEOPETHYHHX PO3PAXYHKIB Ha JHHAMOMETPHYHOMY CTEHII
IPOBE/ICHO EKCIIEPUMEHTAIIbHI JOCIIKEHHS Pi3aHHs] BOTHETPUBKOT LETIH 3 THMYACOBHM OIIOPOM
OJIHOOCHOMY CTHUCKaHHIO mnopomu c,=60MIla. IlpoBemeHi ekcmepeMeHTalbHI JOCTIIKCHHS B
HOBHIi Mipi MiATBEPMKYIOTh aJCKBAaTHICTh TEOPETHYHHX PO3PaxyHKIB, a I[IOPIBHSHHS
TEOPECTHYHHUX Ta C€KCIICPUMEHTAJIBHUX pe3ym>TaTiB BHU3HAYCHHS TaHFeHl.liaJ'lel/lX 3yCUIIb piSaHHﬂ
IO0Ka3aJ0 X JOCTATHIO 30DKHICTH 1, BIANOBIAHO, NMPABOMIPHICTH BHKOPHUCTaHHS AaHAJITHYHUX
BHPA3iB IpPH PO3PAaXyHKY CHJIOBHX I[apaMeTpiB MaluMH 3 aOpa3suBHUM IHCTPYMEHTOM.
MaKchaane 3HAYCHHS l'lOXl/lﬁKl/I BHU3HAYCHHS TaHFeHLliaJ'Ile/lX 3yCHUJIb pi3aHHﬂ TCOPECTUYHUM Ta
eKCIePUMEHTAIbHIM  LUIIXOM HA  JIabOpaTOpHOMY  CTEHIl  peecTpauii CHJI  pi3aHHA
BHCOKOaOpa3uBHUX MaTepianiB abpa3sMBHIMH apMOBAHHMH KPyraMu cTaHOBHUTH As=13,8%.

KurrouoBi c1oBa: 1aGopaTopHuil CTEHA, eKCIIEPHMEHTAIBHI JOCIIHKCHH, aOpa3suBHUM KPYT,
3yCHILISL, BUAKICTh Pi3aHHsl, IBUIKICTh [10a4Yi.

Maksimyuk Yu. V., Pochka K. I., Abrashkevych Yu. D., Prystailo M. O., Polishchuk A. G.
RESULTS OF EXPERIMENTAL RESEARCH ON THE CUTTING OF HIGHLY
ABRASIVE MATERIALS WITH ABRASIVE REINFORCED CIRCLES

In order to carry out experimental studies of the process of cutting highly abrasive materials
with abrasive reinforced wheels, a dynamometer stand for registering the force load of the author's
design of the KNUCA was modified, which made it possible to conduct full-fledged experimental
studies taking into account all the valid factors of the interaction of the working environment and
the working body during cutting with the supply of water to the cutting zone to dedust the working
process The use of refractory bricks is proposed as the working environment, and the abrasive
reinforced wheel for cutting highly abrasive materials with a strength of up to 60MPa is used as
the working body. As a result of the research conducted for the dynamometric stand for force load
registration during the study of the process of cutting highly abrasive materials with an abrasive
reinforced wheel, the tangential forces that perform the work of destruction and overcoming
friction between the side surfaces of the wheel and the material were analytically determined.
According to the results of theoretical studies, it was established that the limits of the change in the
resistance to cutting, determined for a natural installation for cutting highly abrasive materials
(refractories) with an abrasive reinforced wheel and for a laboratory stand, are the same, and the
nature of their change is also similar and related by a similarity coefficient.

In order to check the adequacy of theoretical calculations, experimental studies of cutting
refractory bricks with temporary resistance to uniaxial compression of the rock 6,=60 MPa were
carried out on a dynamometric stand. The conducted experimental studies fully confirm the
adequacy of the theoretical calculations, and the comparison of the theoretical and experimental
results of determining the tangential cutting forces showed their sufficient convergence and,
accordingly, the legitimacy of using analytical expressions when calculating the power parameters
of machines with an abrasive tool. The maximum value of the error in determining the tangential
cutting forces theoretically and experimentally on the laboratory bench for recording the cutting
forces of highly abrasive materials with abrasive reinforced wheels is As=13,8%.

Keywords: laboratory stand, experimental studies, abrasive wheel, forces, cutting speed, feed
speed.
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Maxkcum 1ok FO.B., Ilouxa K.I., Abpawkesuy FO./., IIpucmaiino M.O., [loniwyx A.I'. Pe3ynbTaTu
EeKCIIePUMEHTAJBHHX JO0CJHiIKeHb Ppi3aHHs BHCOKOA0pa3sMBHUX MarepiajiB adpasmBHUMU
apMoBaHMMM Kpyramu // Onip MatepiaiiB i Teopis ciopyn: Hayk.-TexH. 30ipHuK. — K.: KHYBA,
2023. —Bun. 110. - C. 361-374.

Jns nposedenns  ekcnepumMeHmanbHux —OOCHIONCeHb Npoyecy pI3aHHA — BUCOKOAOPA3USHUX
mamepianie  abpa3uGHUM — APMOBAHUM — KPY2OM — GUKOPUCIMAHO — OUHAMOMEMPUYHUL — CIMEHO
peecmpayii cunoeozo nasammaoicenns aemopcvkoi koncmpyxyii. KHYFBA. Excnepumenmansho
BUBHAYEHO MAHSEHYIANbHI 3YCUNISL 83AEMOO0IL poOOU020 Opeany 3 OOCHIOHUM MAamepiaiom, SKi
GUKOHYIOMb pOOOMY NO PYUHYBAHHIO | NOOOIAHHIO MEPMsi MiJC OIYHUMU NOBEPXHAMU Kpyea i
mamepianom. Excnepumenmanvui  0ani npoananizogani ma NOPIGHAHI 3 pe3yabmamamu,
OMPUMAHUMU 8 NPOYECT MeOPEeMUYHUX OOCTIOHCEHD.

Tabun. 2. L. 6. Bimiorp. 26 Ha3s.
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experimental research on the cutting of highly abrasive materials with abrasive reinforced
circles // Strength of Materials and Theory of Structure: Scientific and technical collected articles.
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To carry out experimental studies of the process of cutting highly abrasive materials with an
abrasive reinforced wheel, a dynamometer stand for registering the force load of the author's
design of KNUCA was used. Experimentally determined tangential forces of interaction of the
working body with the test material, which perform the work of destruction and overcoming
friction between the side surfaces of the circle and the material. Experimental data are analyzed
and compared with the results obtained in the course of theoretical research.

Table 2. Fig. 6. Ref. 26.
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