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Abstract. High-speed working units are very
widely used in modern construction, in the destruc-
tion of durable materials and soils and more. When
calculating the power and energy parameters of
dynamic working units take into account changes
in the nature of the interaction of the cutting ele-
ment with the environment and the emergence and
propagation of soil stresses from the action on the
boundary of the array of the cutting element. This
leads to the emergence of a stress-strain state in the
soil mass, which has an oscillatory-wave character.

The nature of the stress-strain state is influ-
enced by the state of the working environment and
the speed of cutting (destruction) of the soil mass.

An unsolved problem in the dynamic destruc-
tion of soils is to take into account the kinematic
features and technology of work with high-speed
peripheral and front-end working units. The design
parameters of these working units must take into
account not only the dynamic parameters of the
fracture process, but also the phenomenon of ac-
cumulation of fatigue deformations in the working
environment.

Keywords: peripheral working unit, front-end
first type working unit, front-end second type
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INTRODUCTION

The stress-strain state of the medium in the
cutting zone has an oscillatory-wave character,
similar to that formed by shock-vibration de-
struction of soils, which is the most effective
dynamic process of destruction of working
media. This stress-strain state creates condi-
tions for the accumulation of fatigue defor-
mations in the material, so the tensile strength
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of the working medium is significantly re-
duced [1].

For effective low-energy destruction of
materials, the design parameters of the work-
ing units must be determined from a systemat-
ic analysis of their working processes and
meet the conditions of fatigue destruction of
the material.

In addition, when destroyed, the soil is sub-
ject to loosening and compaction. This fact is
taken into account by the flow coefficient,
which determines the conditions of excavation
of the soil from the face [2, 3]

The purpose of the work is to establish the
laws of formation of the working process of
dynamic destruction of soils, taking into ac-
count the kinematic features of the peripheral
and end working units.

The aim of this study is to determine the
power and energy parameters of the process of
dynamic destruction of soils and kinematic and
geometric parameters of peripheral and end
working bodies of dynamic action.

In [4, 5], the solution of the problem of the
relationship between the geometric, kinematic
and force parameters of the working bodies of
tillage machines under the conditions of high-
speed (dynamic) work process of destruction
of working environments.

PRESENTING MAIN MATERIAL

During the work process, the cutting ele-
ments of the working unit move relative to the
working environment with speed V . This
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MODELING WORKFLOWS

causes the working environment to be in a
complex stress-strain state. Assuming that if
the speed of the cutting element has become a
force, the tangential average force acting on
the cutting element without taking into account
the conditions of soil vibration is determined
by the formula

UkyS
P, =—d2 1
vk, (1)

where

U — speed of propagation of deformation
waves in the working environment;

kq — specific resistance of the working envi-

ronment to dynamic destruction;
S — the area of contact of the cutting element
with the working environment;
V — speed of interaction of cutting elements
with the working environment (cutting speed);
k, — coefficient taking into account the cut-
ting angle.

The velocity of propagation of deformation
waves in the working medium is found from
the expression

U :\/ E(l_u) ’ (2)
p+p)d—2u)

where

E — dynamic modulus of elasticity of the
working environment;

p— the density of the working environment;

u— Poisson’'s ratio.

The specific resistance of the working en-
vironment to dynamic failure is as follows

kg =pV?+ot, (3)

where

o — dynamic limit of the strength of the work-

ing environment to dynamic failure;

€ — ultimate dynamic relative deformation.
The geometric parameters of the working

process (such as the depth of cut and the area

of contact of the cutting elements with the

working environment) are determined differ-

ently depending on the technology of the
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working unit. Based on this, we can distin-
guish two main types of working units: pe-
ripheral (Fig. 1) and front-end (Fig. 2 and Fig.
3). Front-end working units, in turn, are divid-
ed into front-end first type working unit of the
(Fig. 2) and front-end second type working
unit (Fig. 3).

rotation axis
of working unit

working
environment

Fig. 1. Peripheral working unit schematic

rotation axis
of working unit

o &

e

working
environment

Fig. 2. Front-end first type working unit schematic

Peripheral working units include working
units in which the generating working surface
of the working environment is parallel to the
axis of rotation of the working unit (for exam-
ple, circular cutters, circular saws). In front-
end working units, the generator of the work-
ing surface of the working environment is per-
pendicular to the axis of rotation of the work-
ing unit. In the case of the front-end first type
working unit, the feed rate is perpendicular to
the axis of rotation of the working unit (eg
conical cutter), and in the front-end second
type working unit it is parallel to this axis (eg
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column drills). It should be noted that the for-
mation of geometric and kinematic parameters
of the development of the working environ-
ment in the peripheral working units and front-
end working units is identical.

rotation axis
V.
0} l S

of working unit

Fig. 3. Front-end second type working unit sche-
matic

working
environment

The contact area of the cutting element
with the working environment in the general
case is calculated by the formula

S =bh, (4)

where
b — width of the cutting element,
h — the depth of cut.

For each of the three types of working
units under consideration, the parameter S
will differ due to the presence in the expres-
sion of a multiplier h that takes into account
the differences in the work of each of the pre-
sented types of working units. It should be
noted that for peripheral working units and
front-end second type working units the pa-
rameter is used as the width of the cutting el-
ements, while for front-end first type working
units the parameter b determines the thickness
of the material removed in one pass unit on the
working environment.

The calculation of the depth of cut h takes
into account the differences in the technology
of the working body and, accordingly, allows
you to more accurately calculate its power pa-
rameters.

ISSN(print)2312-6590. FipHW4i, ByAIBEAbHI, AOPOXHI i

MEAIOPATMBHI MALUMHK, 98, 2021, 5-10

When moving the cutting element on a
straight-line trajectory, the depth of cut hwill
be a constant value.

For peripheral working units and front-end
first type working units the depth of cutting is
variable and for the i-th cutting element will be
equal

hz(PVs(SDIn(Pi , (5)

where
¢ — the angle of contact of the working unit
with the working environment;
V, — the speed of supply of the working unit
to the working environment;
o— angular velocity of rotation of the work-
ing unit;
¢; — the angle of contact of the working unit
with the working environment, measured from
the entrance of the working unit into the face
and to the i-th cutting element.

For front-end second type working units

27V, cos(arcty V; )

h= )
wZ

where
R; — radius measured from the axis of rotation

to the middle of the cutting edge of the i-th
cutting element;

z — the number of cutting elements in the cut-
ting line (the cutting line consists of elements
having the same parameter R;).

But considering the obtained expressions to
determine the depth of cut h, we can see that
they allow us to find this parameter for a spe-
cific position of the cutting element in the face
(for peripheral and end working bodies of the
first type). For engineering calculations it is
necessary to enter the parameter of average
depth of cutting h,, which can be used for

finding of power parameters of working bod-
ies.

Given the peculiarities of the technology of
works by peripheral and front-end first type
working units [1,3], the average depth of cut
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for them will be determined from the expres-
sion

V.(1-cos
Py = =S50, )

In addition, if you look at the scheme of
operation by the front-end first type working
unit (Fig. 2), you can see that the angle of con-
tact of the working unit with the working envi-
ronment ¢ will be equal =, that is the average

depth of cut will be

V.(l-cosw) 2V
= 0 B

For front-end second type working units, it
is first necessary to determine the average cut-
ting radius:

Ry=—""7"", 9)

Where
Rimax — the outer radius of the working body

and R, — the inner radius of the working

body

Knowing the average cutting radius, you
can calculate the average depth of cut for the
front-end second type working units from the
expression

2mV cos(arctg nVSR)
()
hav: c.lMNav , (10)
Y4

where
ne; — the number of cutting lines on the work-

ing unit.

Given the dependences for determining the
average depth of cut h,,, you can write formu-
las for calculating the average contact area of

the cutting elements with the working envi-
ronment:

— for peripheral working units we will have

bV, (1—-coso) .

Sav =bhyy, = (11)

— for front-end first type working units we
will write

2bV,
®

; (12)

Sav =

— for front-end second type working units
we will receive

2bnV, cos(arctg st)
ong Ry .

Say = (13)

wZ

The average tangential cutting force, taking
into account the technology of the working
bodies, is determined by the formulas:

— for the peripheral working unit

_ UkybV,(1-coso)

P
o 202K,

; (14)

— for the front-end first type working unit

UkgbV.
P, =—0"s 15
Sy (15)

— for the front-end second type working
unit

Uky bV cos(arcty st)
O‘)ﬂC.IRaV . (16)

P.. =
o ®2Vk,

These dependencies can be applied to
working units that have a diamond or abrasive
solid cutting edge or similar cutting segments.
In addition, certain dependencies can be ap-
plied to working units with cutting elements
located in the same cutting line (circular saws,
core drills, grinding and polishing discs, etc.).
Another criterion is the constant radius of the
working unit, which provides the same values
of kinematic parameters and characteristics of
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the working process (for example, finger cut-
ters).

In further work there is a need to determine
similar parameters for working units with the
spatial location of the cutters and the complex
geometry of the face. We are talking about the
working units (disk, ring, rotary, conical cut-
ter), which at different times were developed
at the Department of Construction Machinery
named Yu. O. Vetrov of Kyiv National Uni-
versity of Construction and Architecture. The
peculiarity of their location in the face, the
specifics of the work, the presence of many
cutting lines with variable kinematic parame-
ters of the working process and the change in
diameter of the working unit in height deter-
mine the features of the calculation of the
working process.

The obtained dependences for the calcula-
tion of the average tangential cutting force al-
low us to proceed to the determination of en-
ergy parameters (cutting power and specific
productivity) of peripheral and front-end
working units.

CONCLUSIONS

Analyzing the obtained dependences, it
should be noted that the technological features
of high-speed working units have a significant
impact on determining the cutting forces of
soils due to the peculiarities of cutting depth
calculations for peripheral and end working
units. When carrying out engineering calcula-
tions of such working units it is necessary to
use average values the depth of cutting and the
area of contact by a cutting element with the
working environment.

Promising in further research is the optimi-
zation of the design parameters of the consid-
ered working units to reduce the energy inten-
sity of the process of soil destruction.
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BinminHOCTI po3paxyHKiB BUCOKOIIBHIAKICHUX
po0o4NX OpraHiB B 3aJIe:KHOCTI Bil KiIHeMaTUKH
iX poGouux npouecis

Onexcanop Temepsmuux®,
Bonooumup Pawxiecoxuii®

Kuiscokuii nayionanvnutl ynisepcumem
byOisHUYmMEA T apXximeKkmypu

Anotauis. Teopis pyliHyBaHHS poOOUYMX cepe-
JIOBMIII ITiJ JI€F0 BUCOKOIIBUIKICHUX HABAHTAXKEHD
PI3HOTO BHAY 3 ypaxyBaHHSM 3MiHM KOHTaKTHHX
BIIACTHBOCTEH CepEeJOBHUI, EHEepTii, IIBUAKOCTI i
(hopmu poboYOro oprana i yacy pydHyBaHHS JIsTIa
B OCHOBY CYYaCHHX METOJIB PO3PaxXyHKIB 1 CTBO-
PEHHSI POOOUYHMX PEKHUMIB i KOHCTPYKILiH TPyHTO- |
MOPOJOPYHHYIOUOT TEXHIKM 1 CHOTOAHI BHKOpPHC-
TOBYIOTBCS JIJISl CTBOPEHHSI HOBOT TEXHIKH.

JuHamiuHe pyHHYBaHHS TPYHTIB € MOJIOJUM
HaIpPSIMKOM PO3BHUTKY 3eMIIEPHIHOT TEXHIKH, SKUH
Ma€ JJOCTAaTHBhO BEIIMKY KUIBKICTh HEBHPIIICHUX 0
[LOTO Yacy 3aBJaHb, OJHUM 3 SIKUX € BPaxyBaHHS
KiHEMaTUYHUX OCOOJMBOCTEN Ta TEXHOJOTII Mpo-
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BEJCHHS pPOOIT BUCOKOIIBUAKICHUMH mepudepii-
HHMH Ta TOPIEBUMHU POOOYNMH OpTraHaMH.

KoncTpykTHBHI mapameTpu Iux poOoUnx opra-
HiB TIOBWHHI BpaxOBYBaTH HE TUIbKM IWHAMIYHI
mapaMeTpu Tpolecy pyWHYBaHHS, ajie i sIBHIIA
HaKOIMYEHHS BTOMITIOBAIBHHX Hedopmarliii B po-
0040OMy cepeIOBHIIII.

Takox HEoOXiJHO BpPaxOBYBaTH, L0 HaMpyxKe-
HO-mepopMOBaHUI CTaH CEepeAOBHINA B 30HI pi-
3aHHA HOCHTH KOJMBAIbHO-XBIJIBOBHH XapakTep,
noaiOHU 10 TOrOo, SIKUK (POPMYETHCS TIPH YAAPHO-
BiOpamiifHOMy pyHHYBaHHI TPYHTIB, IO € Haii-
OibIn eeKTUBHIM NWHAMIYHAM IPOIIECOM pyH-
HyBaHHs poOOYMX cepenoBHll. Takuil HaNpy>KeHO-
neOpMOBaHUH CTaH CTBOPIOE YMOBH JJISl HAKOIIHU-
YeHHsI B MaTepiaji BTOMITIOBAIFHUX Ae(opMarriid,
TOMY MeXa MIIHOCTI poO0YOTo CepeIOBHIIA 3HAY-
HO 3MEHIITY€ThCH.

Jns epekTHBHOTO HU3BKOSHEPTOEMHOTO PYW-
HyBaHHS MaTepiajiB KOHCTPYKTHBHI TapaMeTpu

10

po0ouYrx OpraHiB MOBHHHI BH3HAYATHUCS i3 CUCTe-
MHOTO aHaJli3y iX poOoUYrX MPOIIEciB Ta BiAMOBIAA-
TH yMOBaM BTOMIJIIOBAJIBHOTO PyHHYBaHHS MaTepi-
aiy.

AHami3youn OTpUMaHi 3alie)KHOCTi, CHim 3a-
3HAYMUTH, 10 TEXHOJOIIYHI OCOOJIMBOCTI BHCOKO-
LIBUIKICHUX POOOYMX OpraHiB MalOTh 3HAYHUH
BIUIMB Ha BU3HAUCHHS 3yCWJIb Pi3aHHS IPYHTIB 4e-
pe3 0coONMBOCTI PO3PaxyHKY TIMOWMHH pi3aHHS
IUIS TIepUQEepiHHNX 1 TOPIEBUX POOOYMX OpraHiB
o0ox TumiB. [Ipy mpoBeneHHI iHXKEHEPHUX po3pa-
XYHKIB Takux poOOdYMX OpraHiB HEOOXiTHO BHKO-
PHUCTOBYBATH CepeAHi 3HAYCHHS TIUOWHU pi3aHHS
Ta TUIOLIi KOHTAaKTy PIKY4YOro eleMeHTa 3 po0o-
YUM CEepeOBHILEM.

KuarouoBi cioBa: nepudepiitanii podounit op-
raH, TOPLUEBUA poOOYMH OpraH MEpUIOTO THUIY,
TOpIEBHH poOOYMIA OpraH IPyroro TUILY, CepeTHs
rUOWHA pi3aHHs, CUJIa Pi3aHHS.
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