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Abstract. At the present stage of develop-
ment of the processing of solid materials, the
science of cutting materials is intensively de-
veloping in such cardinal directions as the
search for new effective tool materials; in-depth
study of cutting physics; improving the quality
of the formed surfaces along with the need to
intensify operating modes, in particular, cutting
speed; creation of new effective lubricating and
cooling media; research and systematization of
the experience of machinability of the latest
structural materials — high-strength and heat-re-
sistant steels and alloys, synthetic materials
with various properties, refractory materials,
graphite and carbon fibers, parts made of hard
alloys of all grades, fiberglass-reinforced plas-
tics, various semiconductor materials of finish-
ing materials and products made of natural
stone; development of technical standards for
all known types of cutting processing; Optimi-
zation of cutting operations on automated
equipment, in particular on CNC machines and
in flexible automated production environments.

Cutting natural and artificial stone materials
is an operation, in the process of which a wide
range of materials with different physical and
mechanical properties is to be processed.

Keywords: abrasive reinforced wheels, cutting,
high-abrasive materials, temperature, connection,
lateral surfaces.
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INTRODUCTION

The widespread use of machines for cutting
high-strength materials in the construction in-
dustry is due to their efficiency in performing
finishing operations, various technological pro-
cesses [3]. A special place belongs to machines
for cutting high-strength materials during the
processing of materials from natural and artifi-
cial stones at construction sites, during the con-
struction of road surfaces, bridges, crossings
[5]. At the present stage of development of cut-
ting processes for high-strength materials, in-
creased requirements are put forward for the
need to reduce energy consumption, reduce the
cost of working tools, and increase the effi-
ciency of using disc working bodies.

The main goal defined by this area of re-
search is to substantiate the modes and parame-
ters of the working body of the machine with
the processed material, which subsequently
formed a number of tasks that must be solved to
achieve the set goals, one of which is to inspect
and analyze machines with a working body for
cutting high-strength building materials.

PRESENTING MAIN MATERIAL

Various machines and devices are used to
cut and process high-strength materials, which
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also include artificial and natural stone. Fig. 1.
a) shows an electric machine for cutting seams
[11].

Fig.1. Electric seam cutting machine: a - CF33E; b -
CF-4100

The CF33E electric machine is manufac-
tured by CEDIMA (Germany) and is used to
form seams up to 270 mm deep. The maximum
diameter of the disc is 700 mm, the engine
power is 7.5 kW, the weight of the machine is
110 kg. A slightly different design of the CF-
4100 seam cutting machine of the same
CEDIMA company is shown in Fig. 1b). This
machine is used for cutting and cutting joints in
asphalt and concrete, in the construction and re-
pair of highways, streets, runways and indus-
trial structures. The machine is equipped with
high-performance hydraulic equipment. The in-
clusion of the drive for the rotation of the cut-
ting shaft, as well as the tension of the V-belts,
is carried out by a hydraulic drive. Steering
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(Control), hydraulic feeding, hydraulic disc re-
cess, hydraulic tension of the V-belt of the cut-
ting shaft and additional hydraulic recess of the
sight provide ease of operation of the machine.
The depth of cut indicator is easily and quickly
adjustable. The presence of a seat and a well-
located control panel provide comfortable con-
ditions for the operator. The technical charac-
teristics of the machine are shown in Table 1.

Table 1. Technical characteristics of the CF-
4100 machine

Ne Dime- | Numeri-
Parameter name -

p/p nsion | cal value
Cutting disc, diam-

1 eter Mm 1000

2 Depth of Cut Mm 350
Maximum number

3 | of disk revolutions rpm 1470
Performance m/min 53
Mass Kg 1150

6 Engine power Kw 60

The DS TS20-E machine, shown in Fig. 2, is
designed for cutting material in the construction
of highways [12].

Fig. 2. Cutting machine for the construction of
highways: a - appearance; b — concrete cutting process
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The DS TS20-E is designed for cutting vari-
ous categories of reinforced concrete — from
light to heavy, brickwork and natural stone us-
ing diamond cutting discs with a diameter of
600, 800, 900, 1000, 1200 or 1600 mm (the
maximum diameter of the cutting disc for initial
cutting is 800 mm). All working functions of
the machine are controlled by a remote control.
The speed of rotation of the cutting disc can be
controlled smoothly and without jumps over a
wide range. The cutting disc drive provides a
constant power output. The feed of the cutting
head is controlled manually or automatically.
The system operates in fully automatic mode at
the maximum power set on the control panel.
The productivity of the machine will be maxim-
ized in the event that the cutting head of the DS
TS20-E machine is used by Hilti DS-B wall cut-
ting discs [12]. Diamond cutting discs that com-
ply with the EN 13236 standard have been
found to be suitable for cutting with a linear cut-
ting speed of at least 63 m/s. In the case of cut-
ting discs with a diameter of 1200 to 1600 mm,
only those wall-cutting discs that are suitable
for operation with a linear cutting speed of at
least 80 m/s are used.

Table 2. Technical characteristics of the DS
TS20-E machine

Ne Parameter Dime- | Numerical

p/p name nsion value

1 C_uttmg disc, Mm 600-1600
diameter

o | Depth of Cut Mm 730
Amplitude-

3 | weighted sound | dB(A) 100
pressure level
Drive weight Kg 37
Engine power Kw 15

The manual hard material cutting machine
(Fig. 3) is used for cutting concrete blocks, nat-
ural and artificial stone.
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Fig. 3. Manual machine for cutting hard materials

The machine is suitable for both dry and wet
cutting depending on the working material. The
technical characteristics of the machine are
given in Table 3 [14].

Table 3. Technical Specification of Zipper ZI-
BTS350 Machine

Ne Parameter . . Numerical
Dimension
p/p name value
Cutting disc,
1 diameter Mm 350
2 | Depth of Cut Mm 115
Maximum
number of
3 disk  revolu- fpm 4850
tions
4 | Mass Kg 12
5 | Engine power Kw 3.3

Disc rock machine YS-05SS Yichen - China
(Fig. 4) has a simple structure, can be installed
directly on an excavator, is used for cutting re-
inforced concrete and various hard stones such
as granite, basalt, marble [15].

L}

Fig. 4. Yichen Hard Material Cutting Machine YS-
05SS
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The working body is a durable disc that is
made of high-quality spring steel and synthetic
diamond. The machine has a fast automatic
braking function, a two-directional operation
function, is equipped with a protective cover
and can rotate 360° if necessary. The rock saw
can work with any hydraulically driven me-
chanical equipment. Two saw blades can be in-
stalled on the machine at the same time (on one
side), the distance between the blades is 50-200
mm. The technical characteristics of the ma-
chine are shown in Table 4.

Table 4. Technical Characteristics of YS-05SS
Yichen Machine

Ne parameter name | Dime- | Numeri-
olp nsion cal value
1 |Cutting disc, di-| | 8001400
ameter
o | Output torque Nm 600

Number of revolu-

3 | tions of the output rpm 0-600
shaft

4 | Mass Kg 250

5 Maximum engine Kw a1

power output

Shijing 9510 Electric Automatic Large For-
mat Tile Cutting Machine — China (Fig. 5) is
used to cut any type of ceramic tile, natural and
artificial stone, such as porcelain stoneware,
marble, quartz agglomerate.

./

Fig. 5. Shijing 9510 Electric Automatic Large For-
mat Tile Cutting Machine

The machine is equipped with a powerful
and high-speed motor, which makes it possible
to perform two operations in one pass: cutting
and edge processing with a chamfered disc. The
technical characteristics of the Shijing 9510
machine are given in Table 5 [16].
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Table 5. Technical Specification of Shijing
9510 Machine

Ne Dime- Numeri-
Parameter name -
p/p nsion cal value
Cutting disc, di- 115, 120
1 ameter Mm and 125
9 Cutting length Mm 3200
3 | Cutting thickness Mm 35
Motor shaft speed
4 rpm 13000
5 | Mass Kg 250
6 | Engine power Kw 2.8

The Husqvarna WS 482 HF machine for cut-
ting concrete in the wall, as well as bricks and
other building materials, is shown in Fig. 6.

Fig. 6. Husgvarna WS 482 HF machine for cutting
durable materials

The electric motor of the machine is water-
cooled, creates power on the spindle of 19 kW
at a current of 32 A or 9 kW at a current of 16
A [13]. The two-speed gearbox provides opera-
tion in a wide range of revolutions and allows
the use of discs with a diameter of up to 1600
mm. The spindle speed is infinitely adjustable
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using the remote control to optimize perfor-
mance under all application conditions. The di-
rection of rotation of the disc can also be
changed using the remote control to ensure the
desired direction of dust and sludge removal.
Since the rails and carriage are symmetrical, it

is possible to cut on both sides of the ral_l. The Ne | o ameter name Dime- Numeri-
modular design of the wall cutter makes it easy p/p nsion | cal value
to transport and store. The remote control pro- 1 | Cutting disc, di-| Mm | upto
vides the operator with a variety of information ameter 1600
(power level, current pressure, operating time, 2 | Depth of Cut Mm | upto 730
maintenance periods, etc.), which allows full 3 | Mass Kg o5
control of the cutting process with considerable 2 | Engine power o 1619

freedom of movement on the jobsite. The
weight is also evenly distributed between the
rail and the head because the cart is on the rail.
The rotation of the disc makes it possible to
choose the direction of rotation of the cutting
disc and the water supply in the desired direc-
tion. The operator can also adjust the speed and
power of the machine based on the diameter of
the cutting disc, the type of disc and the material
being cut. Wall cutting machines WS 440 and
WS 482 have an ideal ratio of machine power
to weight. A water-cooled two-speed gearbox
that provides a wide range of rotational speeds,
suitable for discs up to 1600mm in diameter.
Thanks to this, the WS 482 HF carver can be
used for a wide variety of jobs. A specially de-
signed flange with 6 mounting holes allows you
to cut close to the wall. The technical character-
istics of the machine are given in Table 6 [13].

To generalize the technical characteristics of

Table 7. Technical characteristics of machines

the above machines for cutting high-strength
materials and to compare technological param-
eters, their evaluation was carried out.

Table 6. Technical characteristics of the
Husqvarna WS 482 HF machine

The numerical values of the parameters of
the studied machines are given in Table 7.

Evaluation and comparison of technological
parameters of material cutting machines was
carried out according to the following criteria:

I
Kl = ;I (1)

where K, is the criterion for evaluating the ef-
fect of mass m on productivity P;
)

h
Kz =E,

where K, is the criterion for the influence of en-
ergy expenditure £ on the cutting depth h;

Type machin- | Performance | Table m, | Tension P, Technol(égl:::t?r!garamett[a)ri'samEIer

ery P, m/min kg kW RPM depth, mm disk, mm
CF33E - 110 7.5 - 270 600
CF-4100 53 1150 60 1470 350 1000

DS TS20-E - 37 15 100-940 730 600 -600
Z1-BTS350 - 12 33 4850 115 350

YS-05SS - 250 41 0-600 - 800-400

Shijing 9510 - 250 2,8 13000 35 115-125
WS 482 HF - 25 16-19 1000 up to 730 1600
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P
K3 = ;J (3)

where K, is the criterion for the influence of

power P on mass m;
The calculated criteria of the studied cutting
machines are given in Table 8.

Table 8. Numerical values of the criteria of
the studied machines

Typema- |y K2 K3
chinery

CF33E - 36 0,068
CF-4100 0,48 5,83 0,052
DS TS20-E - 48,70 0,405
ZI-BTS350 | - 34,85 0,275
YS-05SS - - 0,164
Shijing 9510 | - 12,5 0,011
45,6- 0,64-

WS 482 HF | - 38.4 0.76

In existing machines for cutting high-
strength materials, diamond circular saws are
mostly used as a working body [4]. The com-
plexity and specificity of the problem of intro-
ducing tools with a working part made of syn-
thetic diamonds or other abrasive components
for processing building materials is:

— organization of production of large volumes
of abrasive materials with a wide range of
grains and properties;

— the need to meet special requirements for
rolled metal used in the structures of this
class of tools;

— the need to develop many different special
connections;

— the emergence of questions regarding the
technologies of sintering abrasive compo-
sites;

— the need to straighten housings, solder seg-
ments, balancing,

— the need for strict adherence to operating
technologies;

— organization of development and adjustment
of industrial production of relevant equip-
ment.

32

Assessment of the performance of abrasive
tools among consumers is carried out according
to the following parameters:

— cutting properties of the tool - removal of
material per unit of time;

— tool consumption — wear per unit of time;

— processing coefficient — the ratio of the mass
of the removed material to the mass of the
used tool;

— roughness of the treated surface;

— stability of the tool between edits.
Sometimes various production indicators are

determined that expand the values of these main

ones.

The performance of an abrasive tool is sim-
ultaneously influenced by a large number of
technological factors and their combinations
that arise both in the process of its manufacture
and during its operation [1].

All these factors are divided into two groups.

The first group includes:

— deviations in geometric parameters
(within the limits of regulated standards): toler-
ance for the diameter of the circle, the diameter
of the seat, the height of the circle, the parallel-
ism of the end surfaces and the eccentricity of
the axis of the hole or tucks;

— the degree of imbalance caused by the une-
venness of hardness and the presence of de-
viations in geometric parameters;

— tool working speed;

— abrasive material;

— Qrain;

— structure;

— Bunch;

— recipe and a number of others.

The second group includes:

— material of the surface to be treated;

— surface condition;

— shape and size of the surface;

— tool size;

— processing method;

— design and condition of equipment;

— processing mode;

— cooling method and type of lubricating and
cooling fluid, etc.

Such a large number of factors makes it al-
most impossible to determine the impact of
each of them on the operational indicators of the
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entire operation with existing measuring (con-
trol) tools.

The variety of materials used in modern con-
struction and their composites with different
physical and mechanical properties necessitates
the creation of appropriate tools that can ensure
the processing of these materials with the max-
imum possible technical and economic indica-
tors.

Correctly selected characteristics of abrasive
tools and the material from which they are made
decisively affect this [6].

Also, the processing mode affects the perfor-
mance of the process.

Abrasive reinforced wheels during operation
experience a complex stress state resulting from
the action of centrifugal, bending, tangential
forces and normal forces [2].

When rotating in a circle, centripetal accel-
erations occur:

2
_ %

au_R’ (4)

where V,, is the speed of rotation of the cir-
cle; Ro is the radius of the circle

The existing centripetal accelerations lead to
the appearance of centrifugal forces that di-
rectly affect the occurrence of tensile stresses
on the inner circuit of the circle, comparable in
magnitude to the tensile strength of its material
[7].

Bending forces constantly act on the clean-
ing wheels, and can also appear in the cutting
wheels when they are skewed or clamped.

For a cleaning wheel, bending loads can be
represented by a concentrated force Fzg (Fig. 7)
applied to the cutting edge and an equal force
Pv, with which the operator presses the wheel
against the surface to be treated, multiplied by
the sine of its inclination angle o.

Stresses caused by bending forces can also
reach values comparable to the tensile strength
of the material of the circle on the inner circuit.
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Fig. 7. Diagram of forces acting on a circle: 1 — cir-
cle; 2 — object of processing

Tangential forces are due to the friction of
the cutting edge of the disc against the cutting
material and are directed in the opposite direc-
tion to the centrifugal ones.

Even in the danger zone, the tangential
stresses of the clamping flange are much lower
than the maximum permissible for the wheel
material and may not be taken into account.

Tangential force occurs when the wheel
stops due to jamming or sudden acceleration. It
is associated with the presence of inertia in the
tool and is proportional to the density of the cir-
cle and the acceleration of angular braking or
acceleration. In practice, this force does not
reach large values and can also be ignored due
to the fact that all circles are tested at rotation
speeds 1.3+1.5 times higher than the working
ones, and when braking, the tangential force is
directed in the opposite direction to the force
caused by the friction of the cutting disc against
the material.

Normal forces act when working with strip-
ping and cutting wheels and lead to compres-
sion of the wheel. Since the cause of the fracture
of a brittle material is usually tensile stress, nor-
mal forces can be ignored.

The design of the abrasive reinforced wheel
significantly affects its strength indicators.

Thus, it was found that the abrasive rein-
forced wheel is an anisotropic body, while the
orthotropy of its mechanical properties is ob-
served [10]. To determine the stress that occurs
in a circle under the action of centrifugal forces,
the dependencies used in the theory of elasticity
to calculate orthotropic bodies can be used:
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E

Or = 1-p2 : (gr +u- 89), (5)
E

Og =12 (g tu-g), (6)

where is the radial stress;o;.

op — tangential stress;

E =3 - 10 kgf/cm? is the modulus of elastic-
ity of the wheel material in the direction of the
fibers of the fiberglass mesh;

1= 0.2 —Poisson's ratio;

er — deformations in the radial direction;

€0 — deformations in the tangential direction.

The use of these dependencies is compli-
cated due to the need to determine the value of
the modulus of elasticity and deformations de-
pendent on the physical and mechanical proper-
ties of the bond and fiberglass mesh, its design
and tool operating modes in each specific
case[8].

Therefore, for practical purposes, the maxi-
mum tangential and radial stress can be calcu-
lated taking into account the influence of ani-
sotropy according to the formulas used to deter-
mine the stress in an isotropic disk:

_ k'ywz . . 2 2 _ R2+T2 _
o = — GB+uw (R +7r 2
R?), (7)
2
o =ky8w -(3+,u)-(R2+r2—
_ R4 143y
R? 3+y r )’ ®)

where £ is the coefficient that takes into account
the anisotropy;

y —2.5-103 — density of the wheel material,
kg/m?;

w 1s the angular velocity, rad/s;

R is the outer radius of the circle, m;

r 1s the radius of the landing hole, m;

R1 is the distance from the center of the disc
to the point at which the voltage is determined,
m.

When studying the stress arising from bend-
ing forces, it was taken into account that the
wheel is rigidly fixed and the maximum bend-
ing moment acts on the outer radius of the
flange.
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According to the beam theory, the maximum
stress is calculated by the formula:

_ 3-Fyr(R—R2)
h2. /RZ—RZ2

where F is the bending load acting on the cir-
cle, H;

R is the outer radius of the circle, m;

R?2 is the radius of the clamping flange, m;

h is the height of the circle, m.

The amount of bending forces depends on
many factors, in particular on the cutting depth,
the rigidity of the spindle assembly of the drive
mechanism and can be obtained experimentally

[9]-
CONCLUSIONS

According to the above dependencies, it is
possible to determine the limit values of the
forces acting on the abrasive reinforced wheel,
taking into account its purpose and operating
conditions.

These values should not exceed the tensile
and tensile strength. For cutting wheels, the ef-
fect of centrifugal forces should be taken into
account.

The efficiency of processing depends on the
modes and methods of cutting, the composition
and design of the wheel, as well as the geomet-
ric dimensions of the tool, the configuration and
physical and mechanical properties of the prod-
uct to be processed.

The wear resistance of the tool and the cut-
ting performance, all other things being equal,
are mainly determined by the working speed,
feed speed and arc length of the contact of the
wheel with the material.

Inspection and analysis shows the coverage
of significant application of this class of ma-
chines from cutting grooves in structures and
walls to cutting light and heavy reinforced con-
crete, in the construction and repair of roads,
laying natural stone using cutting wheels of var-
1ous diameters: 600, 800, 900, 1000, 1200 or
1600 mm.

There are a number of different design solu-
tions for machines for cutting and processing
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materials, which also include artificial and nat-
ural stone. The main design difference lies in
the purpose and methods of controlling the op-
eration of machines.

The calculated criteria for the efficiency of
the parameters, the numerical values of which
are given in Table 1.8, indicate a significant dis-
crepancy with each other (for example, such an
important criterion as the influence of energy
expenditure on the cutting depth h ranges from
5.83 to 48.70). Obviously, this is evidence of a
different approach to the design of working
bodies and the machine as a whole and the lack
of a generally accepted model of the cutting
workflow.

Assessment of the performance indicators of
the working bodies of machines for cutting and
processing artificial and natural stone showed
the presence of a large number of technological
factors and their combinations that arise both in
the process of their manufacture and during op-
eration. This is due to the fact that abrasive re-
inforced wheels in the process of operation are
in a complex stress state, which occurs as a re-
sult of the action of normal, centrifugal, bend-
ing, and tangential forces.

The analysis of existing analytical formulas
for determining the force parameters and stress
state of abrasive working circles is based on
various methods and models of taking into ac-
count the physical and mechanical properties of
the working bodies of machines in the process
of emerging acting forces of interaction with
the processing material.

An important aspect of the implementation
of the efficiency of cutting natural and artificial
stones and cutting grooves in structures and
walls is the justification of the reliability of tak-
ing into account the processes of heat genera-
tion when the working bodies of machines in-
teract with the processing material. The analy-
sis showed the need for special studies to take
into account the processes of heat generation
based on the theory of thermodynamic pro-
cesses.

It is necessary to conduct research on the de-
signs of machine working bodies, to clarify and
take into account the active forces of interaction
of the cutting working body with the working
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material, to clarify the physical and mathemati-
cal model of the "machine - processing mate-
rial" system.
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BukopucranHs MAIIMH 3 JUCKOBUM PO00YHUM
OpPraHoM /A pi3aHHsS BUCOKOMIIIHUX OyIiBeJib-
HHMX MaTepiajiB B yMoBaX BUPOOHUYMX Ta Oyxi-

BeJIbHHUX MaiiIaHYNKIB

Kocmsanmun IMouxa®, IOpin A6pamke6uqz,
Muxona Ipucmaiino®, Anopiii Honiugyx®,
Onexcanop Crouxo®, Apmem Becioa®

Kuiscokuii nayionanvrutl ynisepcumem
OyoisHuymea i apximexmypu

AnoTtauisi. Ha cyuacHomy erarii po3BUTKY 00po-
OKM TBEpMX MaTrepiaiiB HayKa pi3aHHS MaTepiaiB
IHTEHCUBHO PO3BHMBAETHCSA y TaKMX KapIUHAIbHUX
HanpsMKax, sIK MOIIYK HOBUX €(pEeKTHBHUX IHCTpY-
MEHTaJILHUX MaTepiaiiB; NOrHOIeHe BUBYCHHS (i-
3WKH Pi3aHHS; MiJBUIICHHS SKOCTI YTBOPEHHUX TIO-
BEPXOHb pa3oM i3 MoTpedoro iHTeHCcudikallii pooo-
YHUX PEKUMIB, 30KpeMa, MBUAKOCTI pi3aHHs; CTBO-
pEHHST HOBUX €(EKTHBHUX 3MalllyBaJlbHO-0XO0JIO-
JDKYBAJIBHUX CEPEIOBHIL, JOCIIUKEHHS Ta CHCTe-
MaTH3allisl JOCBiAy OOpOOIIOBAHOCTI HAMHOBIIIMX
KOHCTPYKIIIMHUX MaTepiajiiB — BUCOKOMIITHHX 1 jKa-
POCTIMKHUX CTaNei i CIIaBiB, CAHTETUYHHUX MaTepi-
aJiB 13 pi3HOMaHITHUMH BIACTUBOCTSIMH, BOTHETPH-
BKHX MarepialiB, rpadiTy i ByIJICIUIACTHKIB, JeTa-
Je 3 TBEpAMX CIUIaBIB BCIX MapoK, apMOBaHHX
CKJIOBOJIOKHOM IIJIacTMac, pi3HUX HaIliBIPOBiIHU-
KOBHMX MarepiajiiB 03100IFOBAHMX MaTepiajiB i BH-
poOIB 3 MPUPOIHOTO KaMEHIO; PO3POOJICHHS TeXHi-
YHUX HOPMATHBIB Ha YCi BioMi BUAH 0OpOOIICHHS
pi3aHHSIM; ONTHUMI3aIlisl OTepalliii pi3aHHs Ha aBTO-
MaTH30BaHOMY OOJIa{HaHHI, 30KpeMa Ha BepcraTax
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3 UITY Ta B yMOBaX rHyYKHX aBTOMAaTU30BaHUX BU-
pOOHHMIITE.

PizaHHsS MpUpOTHUX Ta MITYYHUX KaM'SHAX Ma-
TepialiB € omepali€ero, y nporeci BUKOHAHHS SKOT
miIsrae 00poOICHHIO IIPOKA TaMMa MaTepialiB 3
pi3HUMH (i3HKO-MEXaHIIHUMHU BIACTHBOCTSIMH.

KarouoBi ciaoBa: abpas3uBHI apMoBaHi KpyrH,
pizaHHs, BHCOKOAOpa3WBHI Marepianu, Temrepa-
Typa, 3B’si3Ka, O1YHI MOBEPXHi.
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