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REGULARITIES OF DUST FORMATION DURING STONE
CUTTING FOR CONSTRUCTION WORKS

B.I". Jlebeoes, A.B. Becnanosa, O.11. [awkoscerka. 3aKkOHOMIPHOCTI NMUJIOYTBOPEHHSI NMPU PO3pi3aHHi KaMeHIO 1Jisl OyaiBeIbHUX
po6it. IIpu pi3aHHi KaMeHIO BUALTAETHCS BENMKA KIIBKICTh MUITY, KA € CyMIILIIIIO APiOHHUX, 3A€0LIBIIOr0 TOCTPUX, MiHEPaIbHUX YACTHHOK.
JlpibHuit cyxuii MM IIpH MOIAJaHHI B JUXaJIbHI IUIIXH BUKJIUKAE B OpraHax Ti K MATOJOTIUHI 3MiHH, IIO € HACTIAKOM IPOHUKHEHHS B HUX
TOCTPUX 1 TBEPAHX 4acTUHOK. He3Baxaiounm Ha BaXUIMBICTh 3a3HAYCHOI MPOOJIEMHM, MPAKTUYHO HE PO3IIIHYTHMH 3aJMIIAIOTHCS MUTAHHS
reHepaiii Mty mpu pi3HUX PoOOYMX Mpolecax i HOro po3moiia mo (Gpakiisx, Big 40ro 3aJ1eKHTh Yac nepeOyBaHHs MIJTy B MOBITPi i iforo
HETaTHBHHMI BIUIMB Ha MoauHy. Mema: MeToro poOOTH € TOCTiIKEHHS IIPOoLecy MHIOYTBOPSHHS IIPH PO3pi3aHHI KaMiHHS 1 3aKOHOMIipHOC-
Tel PO3MOALTY MUY MO (PPAKINisX, @ TAKOK BH3HAYCHHS KiTbKICHUX TOKA3HUKIB MPOLIECY MHIOYTBOPEHHS 3 METOIO BIOCKOHAJICHHSI BUPOO-
HHYOro OOJNaJHAHHS, IHIMBIAyaIbHUX 1 KOJCKTUBHUX 3ac00iB 3aXHCTy mepcoHany. Mamepianu i memoou: be3miu BUIIB pi3aHHS MOXHA
YMOBHO MOJUTHTH Ha JIBi IPYIIH — Pi3aHHs «BCYXY» 1 pO3pi3aHHs 3 BAKOPUCTAHHIM MAaCTHILHO-0XOJIOKYBaIbHOI piguan. [Tun npu pisaHHi
«BCYXY» SIBISIE COOOIO CYKYIHICTh MIKPOCTPYXOK, SIKi 3pi3alOThCsl aOpa3sHBHUMH 3epHaMH. PO3MIpH TaKMX CTPYXOK JOCHTb HEBEIHKi: Bif
JIoseld MikpoMeTpa J10 IeKiTbKOX MiKpOMeTpiB. TakiuM YHHOM, PO3MIpH CTPYKOK OOYMOBIIIOIOTh MOXIIMBICTE CTBOPEHHS ITMJIOBOI CYCIIeH3I1,
MIBUAKICTb OCIaHHS SIKOi MaJIa, i sika B pOO0YOMY IIPOCTOPI 3HAXOANTHCS y BEIUKUX KOHICHTpauisx. Pesyrsmamu: B pesynbrati nposese-
HOTO JOCHiKEHHS OYyJI0 OTPHMAHO TaKi XapaKTepPUCTHYHI 3aJIeKHOCTI: 3aJIeXKHICTh Yacy OCIIaHHS MIUTY BiJ pO3Mipy HHJIMHOK, PO3MIpiB
MAIMHOK BiJI XBHJIMHHOT M0/1a4i i 36pPHUCTOCTI Kpyra, MUTOMOI KIIBKOCTI MWJIMHOK BiJi HOMEpa 3€PHUCTOCTI abpa3uBHOrO Kpyra i Temrepa-
TypU NHJIMHOK Bix mozjaui Ha o6ept kpyra. [loka3aHo, 1m0 pO3MOALT CTPYKOK (IMMITHHOK) 38 PO3MIpaMH MiAHOPSIAKOBYETHCS HOPMATBHOMY
3akoHy. Po3Mipu CTpy»OK IpH po3pizaHHI 3HaXOAATECS B Hiama3oHi 0,4...6 MkM. Tak yTBOPIOETHCS MIJIOBA CYCIEH3is, 4ac OCifaHHS YacTH-
HOK SIKOI JIOCSITa€ AEKITBKOX TOIHH, [0 CTBOPIOE 3HAYHI XBHIMHHI KOHICHTPAL[T ATy — B MEXaX 0,28:10%...1,68-10% omuamin/v’.

Knrouogi cnosa: po3pizyBalbHUI KPYT, BEIMYMHA 3€PHA, IIBUIKICTh Pi3aHHS, BEIMYMHA MIKPOCTPYKKH.

V.G. Lebedev, A.V. Bespalova, O.P. Dashkovskaya. Regularities of dust formation during stone cutting for construction works.
When cutting stone, a large amount of dust release, which is a mixture of small, mostly sharp, mineral particles. Shallow dry dust with
inhalation causes the pathological changes in organs that are a consequence of infiltration of acute and solids particles. Despite the
importance of this problem, the questions of dust generation during the various working processes and its fractions distribution are practical-
ly not considered. This determines the time of dust standing in the air and its negative impact on a person. Aim: The aim of this research is to
study the process of dusting during stones cutting and dust distribution on fractions regularities and quantification of dust formation process
in order to improve the production equipment, staff individual and collective safety equipment. Materials and Methods: Many types of
cutting can be divided into two types — a “dry” cutting and cutting with fluid. During “dry” cutting a dust represents a set of micro-chips
which are cut off by the abrasive grains. The size of such chips very small: from a micrometer to a few micrometers fraction. Thus, the size
of chips causes the possibility of creating dust slurry with low fall velocity, and which is located in the working space in large concentrations.
Results: The following characteristic dependences were obtained as a result of research: dependence of the dust fall from the size of the dust
particles, size of dust particles from minute feeding and grain range wheel, the specific amount of dust from the number of grit abrasive
wheel and the temperature of the dust particles from the feeding at wheel turnover. It was shown that the distribution of chips (dust) by size
will request of a normal distribution low. Dimensions of chips during cut are in the range of 0.4...6 pm. Thus, dust slurry is formed with time
of particles fall of several hours. This creates considerable minute dust concentration — within 0.28-10%...1.68-10° units/m”.

Keywords: cutting wheel, grain size, cutting speed, microchip dimension.

Introduction. Varieties of stone building materials of natural origin form a wide range of
products derived from rocks. Stone artificial origin construction materials such as ceramics made from
natural clays, as well as mixtures thereof with organic and mineral supplements by shaping, drying
and firing. Because of the wide distribution of such materials inevitably arises the question of their
shaping, which is performed by cutting them. In most cases the cutting carried with disk diamond
wheels, speed of rotation of which as well as the material cutting speed is 35...50 m/s [1].

Due to the high intensity of the process of cutting and intensive micro chip formation, stone cut-
ting process is accompanied by considerable dust formation. This can be both harmful and dangerous
factor in operation.
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During cutting stone, a large amount of dust release, which is a mixture of small, mostly sharp,
mineral particles. Shallow dry dust with inhalation causes the pathological changes in organs that are a
consequence of infiltration of acute and solids particles. The consequence of inhalation of dust may be
diseases such as pneumoconiosis, which are associated with the deposition of dust release in the lungs
and tissue reaction to its presence.

Recently, much attention is paid to hygiene and sanitary of work conditions that led to the
intensification of research on influence of dust release on the human body, as well as clarification of
time duration of dust in the atmosphere of the production facilities [2...6].

Despite the importance of these issues, these sources do not consider all aspects of such
phenomena as dust in work areas. Almost does not discuss the generation of dust in various work
processes and its fractions distribution, which determines the time of dust existing in the air and its
negative impact on a person.

This paper discusses the generation of dust when cutting stone and withdrawn the quantitative
indicators of dust fractions in the working space of stone-cutting facility.

The aim of this research is to study the process of dusting during stones cutting and dust distribu-
tion on fractions regularities and quantification of dust formation process in order to improve the
production equipment, staff individual and collective safety equipment.

Materials and Methods. Upon cutting a variety of materials the dustiness of air is much higher
than the maximum allowable concentration, and the expanding chips is a source of eye injury. In
addition, dust and chips reduce reliability and degrade the efficiency of means of automatics and
control systems, as well as the cutting equipment.

Many types of cutting can be divided into two types —a “dry” cutting and cutting with fluid.

From the viewpoint of labor protection the “dry” cutting could be considered as a continuous
generator of dangerous production factors — dust, which, depending on the ground material may be of
different size, chemical composition, and therefore varying harmfulness.

During “dry” cutting a dust represents a set of micro-chips which are cut off by the abrasive
grains. The size of such chips very small: from a micrometer to a few micrometers fraction. Thus, the
size of chips causes the possibility of creating dust slurry with low fall velocity, and which is located
in the working space in large concentrations.

It should also be noted that under the influence of rising temperature during cutting fine dust
particles may be alloyed, welded and coalesce into conglomerates in size to several mm, which is
already posed a serious threat to employee (particularly the eyes), because such particles airspeed may
be 25...50 m/s.

Dust is a dispersion system. Dust particle with diameter of <1 pum forms with the air aerosol slurry.
The settling rate of dust increases with the diameter of the dust particles. For example, settling time of
dust particles of 0.05 um diameter from a height of 1 m is 320 hours, 1 um diameter — 3 hours, 100 um
diameter — 3 seconds. Therefore, in the inhaled air there are relatively few particles with a diameter

greater than 5 microns. Dependence of dust fall from

300 the size of the dust particles is shown in Fig. 1 [2].
1 1 Determination of dust size. Distribution law of dust
5 20 by size. Abrasive and diamond grains are polyhedral.
5 Y size gr poly
i 200 The size and shape of there are different (Fig. 2) [2, 7].
E 150 Thus, it can be argued that the abrasive grains are
g’ 100 irregular polyhedral, and a cutting element of the
5 abrasive grain has a generally pyramidal shape. The
250 apex angle of the cutting element usually is close to
0 90°. Each of the cutting elements of abrasive grain has
0.05 0.5 1 5 a rounded top, the radius of curvature of the apex
Nominal diameter of dust particles, um depends on the grain size: than abrasive grains is

bigger in size, than more its apex radius.
The scheme and shadow projection of the
abrasive grains are presented in Fig. 3 and 4 [2, 7].

Fig. 1. Dependence of dust fall from the size
of the dust particles
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Fig. 2. Shapes Fig. 3. Scheme Fig. 4. Shadow projection
of abrasive grains of abrasive grain of abrasive grain
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Fig. 5 shows the process of chip formation, based on the shape of the cutting abrasive grains.

As can be seen from the figure, in order to determine the thickness of the removable chip by cut-
ting grain, you need to know: nose radius R of the cutting grain (depending on the number of grit
abrasive wheel); the actual distance between the cutting grains [ (in cutting involved only 10...12 % of
the grains [4]); specific amount of cutting grains per surface unit of wheel (depending on [ ), and cut-
ting conditions: V,,, — rotational speed of wheel, m/s, V,,;, — minute feeding, m/s, + — feeding at
single wheel turnover, mm or m; S — cross feed, mm/rev.

These values were determined by the method involving the use of semi-synthetic micro-
thermocouples with electrode diameter of 10 mm, described in [3, 7].

The most significant value in this process is the thickness of chips during cutting, which accord-
ing to [3, 7] can be described by the expression

L2071 0

V. _\Dt’

rot

where V,,;,, — minute feeding,
V.o — rotational speed of wheel,
t — feeding at single wheel turnover,
[ — the actual distance between the cutting grains in a wheel,
D — wheel diameter.
The dependence of size of dust particles from minute feeding is shown in Fig. 6.
1

nl 1 ) 3 Vrot _ 2
L'
h3 | h2 I I
I \\ 3
! v Cf /i
Jmin \ T1I
! % h
[ S
(‘ A %AS I
T . !
h—ab
h—ab—bc
h—-ab-bc—cd . 2 3
a b

Fig. 5. Scheme of chips formation during grinding: a — trajectory of cutting grains motion: hl, h2, h3 —thick-
ness of the chips, | —actual distance between the cutting grains, t — cutting depth during grinding;
b —scheme of chips formation: 1 — cutting grain, 2 — chip formation edge (ADB), 3 — shear plane (BD),
R —nose radius of cutting grain
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The number of chips (dust particles) formed during one second, obviously, will be
n=v,52z (2)

where S — the width of the cutting wheel,

z —specific number of cutting grains per unit of surface of the grinding wheel equal in ac-
cordance with [10, 12]

z=117-10°- N3 . N0 3)

ctr
where N, — number of grit, reduced to granularity of abrasive wheels;
N, — wheel structure number.

The dependence of the specific amount of dust from the number of grit abrasive wheel is shown
in Fig. 7.

Minute feeding, m/s
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Fig. 6. Dependence of size of dust particles from minute feeding  Fig. 7. The dependence of the specific amount
and grain range wheel, v,, = 35 m/s, t = 0.01 mm: 1 — grain of dust from the number of grit abrasive
range 6; 2 —grain range 10; 3 — grain range 16; 4 — grain wheel
range 25

Minute dust concentrations during grinding with size of the working area 0.5x0.5x0.5 m is within
the (0.28...1.68) - 10® units/m’.

There are two important factors that affect to the size of the grains. This is a rotational speed of
the cutting wheel V,,, and feeding at single wheel turnover ¢. Analysis of Eq. (1) shows that the size of
the grains is inversely proportional to the rotational speed. In regard to the feeding at wheel turnover,
the size of the dust particles is directly proportional to the value t*°. Thus, as at speeds less than 30 m/s
cutting is not performed then we can expect a decrease in the size of the dust particles in the transition
to high-speed cutting (=50 m/s). As result, the dust size range will change from 0.5..3.5 to
0.35...2.1 mm, as shown in Fig. 6.

In regard to the feeding at wheel turnover, during “dry” grinding the feeding at wheel turnover of
the value more than 0.03 mm practically do not use. Using this value we can obtain the dust particles
with size of 0.86...6 um. Thus, during cutting of construction material is produced dust particles of
such dimensions that have the greatest pathogenic effects on the human body.

To more accurately determine the size of the grains must take into account the probability distri-
bution of the size of abrasive grains that make up the cutting wheel. Typically, the abrasive grains
depending on their size can be divided into three factions — average, small and large. Normally, the
proportion of the main fraction is 45 % by weight of the dust, while the small and large fractions
amount is 27.5 % both. Dimensions of the large and small fractions grains differ from the dust of the
middle fraction by 11.5 % (Table).

Distribution of abrasive grain size is subject to a normal distribution law (Fig. 8).

Note, that larger grains protrude from the bunch more, and thus remove chips greater than
smaller ones. Thus, we can say with a high probability that the size of the chips (dust particles) will be
subject to the normal law.

MACHINE BUILDING. PROCESS METALLURGY. MATERIALS SCIENCE



28

[Mpani Opecbkoro nositexHivHOTO yHiBepeutety, 2016. Bur. 2(49)

ISSN 2076-2429 (print)
ISSN 2223-3814 (online)

Dimensions of the dust fractions formed during grinding, um

Cutting wheel Minute feeding V,,;,, m/s
number
N 0.083 0.166 0.249 0.332
6 0.4;0.45;0.5 0.448; 0.50; 0.56 0.58; 0.65;0.724 0.81;0.9; 1.0
10 0.67;0.75;0.84 0.89; 1.0; 1.15 1.25;1.4;1.56 1.52;1.7;1.9
16 0.98;1.1;1.22 1.34; 1.5; 1.67 1.88;2.1;2.34 2.06; 2.3; 2.56
25 1.34; 1.5; 1.67 1.79;2;2.23 2.33;2.6;2.9 3.22;3.6;4.0

X

X

Complex . Complex _ |
fraction fraction
a b

Fig. 8. Distribution law of abrasive grain size:
a —big and medium abrasive grain sizes, b —medium and small abrasive grain sizes.

Fractions: ::] — small; — average; ::— large; | J |— boundary value

Analyzing the data presented above, it can be concluded, that even during grinding when feeding
at wheel turnover ¢ =0.03 mm, the grains sizes are such that their pathogenic effect on human be
maximized and the rate of sedimentation in the air will be a few hours.

Determination of the chemical composition of the dust particles. In the zone of contact the cutting
wheel with work piece during grinding substantial amount of heat generated. Part of this heat (approx-
imately 10 %) is transferred to the chip. It is often sufficient to heat the chips to the combus-
tion temperature.

The results of experiments carried out by Maslov [8] showed that sparks during grinding of
sufficiently strong materials are melted or glowing fine particles flying at a tangent to that point of a
circle of the rotating wheel to which the sample is pressed. Blazing chips or particles of molten
material discarded by centrifugal force, not only does not going out because of a sharp differences
between their temperature and the ambient temperature, but, flying at high speed in the air are heating
even more. This can be explained by the fact that under the influence of oxygen in the air there is
intense oxidation (combustion) of chips, which increases its temperature.

Thus formed dust should consist of mineral oxides and from minerals themselves. We define a
chip heating temperature.

From Fig. 5, b it is clear that separation of the chips from the processed material is accompanied
by friction with the surface of the grain ADB, which can be regarded as the front surface of the cutting
element (grain). In this case, the chip temperature can be defined as the temperature of its abrasion
with the front surface.

Heat flow produced through friction of chip with front surface of the cutting element (grain) can
be calculated as

9= Pzed‘/rotkﬁ ’ (4)

where ¢, — heat flow generated by single cutting grain,

MAIINHOBY AYBAHHA. TEXHOJIOI'TA METAJIIB. MATEPIAJIO3HABCTBO



ISSN 2076-2429 (print) 29

ISSN 2223-3814 (online) Odes’kyi Politechnichnyi Universytet. Pratsi, Issue 2(49), 2016

ky— friction factor taken equal to 0.1.
Specific heat flow during friction we determine based on the assumption that it allocated on
square-shaped site with a side h:

q=L )

Chip temperature is determined according to [11], taking into account the fact that only 10 % of
heat is passed to the chip

A Vv

rot

- 0.5
T:1.064q[@j ’ ©

(O8]
(e

where A — mineral’s heat conductivity factor,
o — mineral’s thermal diffusivity,
| — length of the abrasion element.

Fig. 9 shows the dependence of the temperature of the
dust particles from the feeding at wheel turnover during cut-
ting of complex mineral. Analyzing the dependence, we can ‘
conclude that during cutting by wheel with numbers 6...25 0 5 10 15 20 25 30 35
and feeding at wheel turnover of about 10...35 pm the chips Temperature of the
aren’t burnt; in turn, when cutting wheel number is 40 and dust particles T x 10% °C
feedi.ng. is 10..'.15 pm, we can expect to ref:eive the dust Fig. 9. Dependence of the temperature of
consisting of mineral oxides and unburned particles. the dust particles from the feeding at

Conclusions. The “dry” cutting is characterized by high \wheel turnover during grinding by wheels
dust content in the air of the working area. During “dry” cut- with different cutting numbers;
ting a dust represents a set of micro-chips which are cut off Vit = 35 m/s, Vi = 0.166 m/s:
by the abrasive grains. Dimensions of chips during cut are in [ —40;2—25;3 —16,4—12;5—6
the range of 0.4...6 pm. Thus, dust slurry is formed with time
of particles fall of several hours. This creates considerable minute dust concentration — within
0.28:10°%...1.68-10° units/m’.

The dust chemical composition depends on the type of material and on the chip heating temper a-
ture, which can be above or below the combustion temperature of a particular material. Thus, during
cutting the complex stone structures there are various iron oxides and refractory materials such as W,
Mo, Ti, Nb, Va and others may be present in the dust.

Knowledge of the laws of the dust formation including the dust particles size, concentration,
chemical composition and rate of sedimentation of dust particles makes it possible to determine the
degree of harmfulness of the cutting process and to develop the adequate protection of the
working system.

[\
(O}

N W =

Feeding at wheel
turnover 7 x 10%, mm
S
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