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Abstract. The materials of the article are de-
voted to the issue of simulation modeling of the sta-
bility of the elements of the attached equipment of
the rock-crushing work equipment of the construc-
tion machine for earthworks. Today, an urgent task
is to perform earthworks in a short time with mobile
machines. Such a need exists in the formation of
trenches, in particular, in the laying of main pipe-
lines. A feature of the need for rapid formation of
trenches for the laying of main pipelines is the mo-
bility of the basic equipment. In order to create com-
petitive technical solutions in the field of construc-
tion mechanization, in particular, when performing
earthworks, it is necessary to perform project work
on improving existing solutions and creating new
ones using simulation modeling methods.

The developed rock-destroying working body
for earthworks works in conditions of dynamic de-
struction. Its design is developed taking into ac-
count the possibility of using it on existing equip-
ment. Thus, it is proposed to use the base machine
of the 2nd power class with a diameter of a disc
rock-destroying organ of 600 mm when it works
in soils of category IV.

To implement the synthesis of the drive of the
rock-crushing working body with the existing
equipment of the base machine, a modular frame
structure is proposed, which provides the func-
tions of "fixation", "immersion”, "movement" of
the working equipment.

A computer geometric model of the attached
equipment was created, in the formation of which
the approaches of form formation with implicitly
expressed dimensions and parameters of geomet-
ric arrays were used, which allows to optimize the
design process taking into account feedback as a
result of simulation modeling of processes and ex-
perimental studies, and to use it in the formation
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of an information model construction process dur-
ing earthworks.

Keywords: excavator, working equipment,
frame, stability.

INTRODUCTION

The issue of modeling the stability of ele-
ments of constru

ction machines is acute during the creation
of new working bodies or the study of existing
ones during their work in new conditions.

The works of Harnets V., Nazarenko 1., and
Khmara L. are devoted to the issue of creating
new structures of the working bodies of con-
struction machines.

The issues of research on the destruction of
working environments, in particular soils, are
devoted also at the scientist’s works Vetrov V.
[1], Baladinskyi V. [2], Nazarov V. [3],
Nichke V. [3, 4], Kravtsia S. [5], Khmara L.
(6],

Ukrainian scientists, such as Vlasov V. [7],
Smirnov V. [7], V. Sivko [8], Moiseyenko V.
[9], Myroshnychenko K. [10], Blokhin V.
[11], Malich M. [11], Karaev O. [12], Kuzmi-
nets M. [13], Musiyko V. [13], Nazarenko |I.
[14], Sukach M. [15], Garnets V. [16] and oth-
ers were engaged in the issue of modeling the
behavior of the working equipment of rock-
destructive working items of construction ma-
chines.

At the department of construction ma-
chines of KNUBA, a rock-destroying working
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body of a construction machine was devel-
oped for the execution of earthworks, in par-
ticular, the laying of main pipelines [17, 18].
Under the specified conditions of dynamic
destruction, the strength of soil and rock re-
sistance to destruction depends on the speed
V, of the introduction of the working body

into the massif, the compressive strength limit
o of the soil, its deformation modulus E ;

(MPa), specific gravity ., density p=7./9
, the coefficient Poisson's ., the specific dy-
namic resistance to destruction K ;, the speed

of the waves the values of the velocity of the
waves of deformations U , the specific re-
sistance of the soil to destruction K ; are de-

termined; strength of soil resistance to de-
struction P, the average period of fluctua-
tions of the cutting force t [1].

The speed of cutting force fluctuations

[2]:

where K — the number of pulses required to
destroy an array element.

The speed of introduction of the cutting ele-
ment into the array [2, 7]

V, = V2 +(Vs +V, ) =2V, (Vs +V, )cos(ot).
Specific resistance to destruction [2]:
K, =pVs +€,0,,

where &, — relative deformation of the work-
ing environment; o — soil density; o, -
compressive strength of the soil.

The strength of soil resistance to destruc-
tion in the oscillatory mode [2]:

UK ;S

“ ZZ\/OKOL,

where S — the area of contact of the working
body with the soil; U — rate of passage of de-
formation waves; m —the mass of the working
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body; K, — coefficient that takes into account

the sharpening angle of the cutting element.

The limit value of the value of the entry of
the cutting element into the array in the oscil-
lating mode [2]:

&= 2E 1 KV
SUK,

where S — contact area of cutting elements
with the ground.

The depth of introduction of the cutting ele-
ment into the array in one pulse:

m:WK%me}mﬁ,

where K = r(pVZZS +28I f(a):isj; 7 — pulse
0

time; m, — mass of moving parts of the work-

ing item; V, — speed of the working item at the

moment of impulse.
The required number of oscillations

n = § _ 2E17HTKa l
K"h |-

Um,

The coefficient « is characterizes the corre-
lation between the physical and mechanical
properties of the soil and the drive parameters
of the end working body with controlled power
parameters

r[JVijﬁZZ%f(gﬂng

0

a:VZ

Impulse work

W,
A = K T,
T = Povirr or Q8
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where Pp; — pressure pulse increase in the o Nk Anvr
drive system of the working body; wx — angu- Sl
lar velocity of oscillations; g, — specific vol- _ _
ume of the drive motor; z — pulse time. Relative dynamic effect:
Energy intensity of the oscillatory pro-
cess A= PR
P

Fig. 1 Mounted working earthmoving equipment of the disk type for the formation of trunk channels:
a — general view (3d model); b — calculation scheme: 1 — basis; 2 — excavator boom; 3 — excavator handle; 4 — the

frame of the working item; 5 — working item.
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where P ta P¢ — strength of soil resistance

to destruction, respectively, in pulseless and
pulsed modes.

Let's consider the attached equipment of
the earthmoving machine with a disc-type
rock-destroying working body for the for-
mation of main channels (Fig.1) [17, 18]

The destructive working item is a disk, on
the front surface of which cutting and throw-
ing elements are installed. Cutting elements
are installed according to a modular scheme
and form cutting lines, which in turn form cut-
ting modules. Cast elements separate the cut-
ting modules from each other.

To implement the optimized trajectory of
the working body deepening, the frame of the
disc working body is designed [18].

The modular frame provides the functions
of "fixation", "immersion”, and "movement"
of the working equipment.

The main indicators that determine the

effect on the attached equipment will be: M,
, Q, — bending moment and transverse force
during bending in the plane of the working
equipment; M, Q, — bending moment and
transverse force when bending out of the plane
of the working equipment; T —torque; n; —the
number of simultaneously working cutting ele-
ments of the disk; N — longitudinal force.
Let's determine the parameters of the inter-

section b-b.
Bending moments

LY LA
M, =—e> Bsin +Z{zsmﬂi +a1}Ni :
i=1 i=1
Ny d.
M, =->P cosﬁi[aﬁz'cosﬂi}—
i=1
L '
— > P;sin B —Lsin f;
i=1 2

Torque
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e-coslay —a,) -

Ny
T =) P cosp . —
é | oS/ —dz'cosﬂi-sin(al—az)

My } ] d: .
~>'Psin g; -sin(ey - az)?'sm Bi+
i1

0y d; .
+ > N; cos(ey — e, )?sm B
i1

ket Moodi
T =) RcospBe+ Y N;—tsing.
i=1 i1 2
Longitudinal force

Ny
N =>PBsing .

i=1

Transverse force
Qz:ZNi’ Qyzzpi'
i=1 i=1

For the intersection B-B, the power indica-
tors will be determined according to the follow-
ing formulas.

Bending moments

M, =2 Rsin [l + £)-e]-
i-1
—%N{(a1+c+h2/2)+dzicosﬂi}
i-1

Ny L .
My ==Y PR cosg[l + f —e]+ > Njcos dz'
i=1 i=1

Torque
Ny d.
T=>P cosﬂ{al+c+h1/2+2'cosﬂi}r
i=1

n -
+ le P, sin g, dz'sin BGi
i=1

Longitudinal force
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Transverse forces
ny Ny
szzpismﬂi' Qy:ZPiCOSﬂi'
i=1 i=1

Geometric characteristics
and tension for box sections

Let's determine the geometric characteristics
and stresses for box sections b-b Ta B-B.

Legend: &, — shelf thickness, &, —wall
thickness, k —weld legs, b’ =b+ 2k during
automatic welding, b’ =b+1,4k during man-

ual welding.
The distance from the lower points of the

section to its center of gravity C, h,, sm:

——
where F — cross-sectional area, sm?; S,;—
static moment of the section relative to the axis
z,, smd.
F=02h+b-6,,)5,, +0b'6,;
S, =b'6,(h-056,)+

1 1
+ 2(h —5,1 )5cm E(h _5n)+5(b_25cm)5cm

vin: 0.000e+000_

"\{ Max:7721¢

a

The moment of inertia of the section rela-
tive to the center of the axis z, sm*:

b8y | (D=26,,)00, ,
12 3
3
+ 5cm (h - 6n )
3

|Z=|21—hj|==

+b'8,(h-056,) —hZF

The moment of inertia of the section rela-
tive to the central axis vy :

_0()° | Gen(0-25,,)°
Y12 12

12070 oh 535, " 50'"].
12 2

Contour area bounded by middle lines:
F=(0b-0o,,)(h-05(5, +5.,))-

Static moment of the upper section relative
to the axis z, sm?:
S, =(b'3,)(h—h, -055,)+

+26,, ;(h ~h, -055,)°

< Min: 0.01€

Fig. 2. The results of computer modeling of loads on the frame of the rock-crushing
working item: a« — movement diagram; b — diagram of internal loads
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Static moment of the right part of the sec-
tion relative to the axis y:

1. .. 1
S, = g5n(b )2 +§5cm(b—25cm)2 +
#(h=30)3 5 (=8,

Normal tension:

:ﬂ+|MZ|y+‘My‘Z .
F I, I
Verification:

(o}
y

y=h-h, Z-050; o=0,,, o, <lc]

Y

for steel Cr.3and steel 20 [o]=160 MI1a.
Tangential tension:

a) for walls
T= Q.5, + T :
2|Z5cm 2A156‘m
0) for the shelf
r:—QySy + T .
21,6, 2A0,

In order to obtain the maximum value of
7, itis necessary to substitute the statistical
moments S,, S, obtained above into these
formulas:

Verification.
Normal tension:

T maxS [T]; [T] ~ 015[T]-
Equivalent tension:

O s = Jo? +3r% < [o]

The check is performed at the junction
points of the walls with the shelf
y=h-h, -6,, Z=0,b;

n’

S, =S, =(b'5,)(h—h, —0,55,).

z

According to the obtained dependencies, the
loads acting on the structure are determined, as
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well as the values of internal forces in its ele-
ments [19]. When simulating the load on the at-
tachment of disk-type earthmoving equipment
for the formation of main channels, geometric
computer modeling, the finite element method
was used, a picture of displacements and stress
nodes was obtained (Fig. 2)

The conducted force analysis of the devel-
oped attachment equipment of the mobile ma-
chine allows to minimize its material consump-
tion of soil destruction of category IV [1] in dy-
namic mode [2], to ensure compliance of the
depth angle with the least energy-intensive pro-
cess and, accordingly, to increase the wear re-
sistance of the cutting elements. The obtained
data can be used for the development of ma-
chines with rock-crushing working bodies, us-
ing techniques for optimizing the technical in-
dicators [6].

CONCLUSIONS

1. The developed rock-destroying working
body for the formation of main pipelines al-
lows you to implement the tasks of forming
trenches in the soil environment with re-
duced energy-intensive indicators due to the
use of qualitative indicators during dynamic
destruction.

2. To implement the technological modes of
the rock-crushing working body, an adaptive
modular frame has been developed that im-
plements the basic functions of the working
equipment: fixation, "sinking", "moving".

3. A three-dimensional geometric model of
the modular frame of the rock-crushing
equipment was formed, in the formation of
which methods of shaping with implicitly
expressed dimensions and parameters of
geometric arrays were used, which allows
to optimize the design process taking into
account feedback as a result of simulation
modeling of processes and experimental
studies, and to use it in formation of an in-
formation model of the construction pro-
cess during the execution of earthworks.
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MopenupoBanme yCTOHYMBOCTH 3JIeMEeHTOB
HABECHOI0 000pPy10BaHNS IIOPOJO-Pa3PyLIAI0-
mero pado4ero opraHa CTpOUTEeIbHOM MAIMHBbI

Braoumup Pawxueckuti

Kuesckuii nayuonanvubiii ynusepcumem
CMpOUmenbCmea u apxumeKmypol

AHHOTamus. Martepuaipl CTaTbU TOCBSIICHBI
BOIPOCY MMHTAIMOHHOTO MOJCIMPOBAHUS yCTOM-
YHBOCTH DJIEMEHTOB HABECHOTO MOPOI0pa3pyIIaro-
mero 00opyI0-BaHUs CTPOUTEIHLHOW MAIIUHBI JJIs
BBITIOJTHEHHS 3eMIITHBIX pabor. Ha ceromusmramii
JICHb aKTyaJbHOM 3a/lauel ABJISIETCS BBIOJHEHHE
3eMJITHBIX PabOT B COKPAIICHHBIC CPOKH MOOHIIb-
HbIMH MamuHamu. Takast ToTpeOGHOCTh CYIECTBYET
pu 00pa30BaHUM TPAHILIEH, B YACTHOCTH, MIPHU MPO-
KJIaJIKe MarucTpaibHbIX TpyOormpoBooB. OcobeH-
HOCTBIO TIOTPeOHOCTEH OBICTPOrO 00pa30BaHUs
TpaHIIeH JUIS MPOKIAJKH MaruCTPalbHBIX TPYyOO-
MPOBOJIOB SIBIISIETCSI MOOMJIBHOCTH 0a30BOi Tex-
HUKHU. s co3aanusi KOHKYpEHTOCTIOCOOHBIX TeX-
HUYECKUX PEUICHUH B 00JacTH CTPOMTEIBHON Me-
XaHU3allH, B YACTHOCTH, MPH BIMTOJHEHUN 3EMJIs-
HBIX pabOT HEOOXOUMO BBIIOTHATE TPOCKTHBIC pa-
OOTBI 110 COBEPILIEHCTBOBAHUIO CYIIECTBYIOIIUX pe-
IICHUH W CO3/IaHUS HOBBIX C MPUMEHEHUEM METO-
JIOB UMHTAIIIOHHOTO MOJICIIMPOBAHHSI.
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Pazpabotannblii moponmopazpymaromuii  pabdo-
YUl OpraH AJs 3eMIISTHBIX paboT padoTaeT B ycio-
BUSIX JTUHAMHUYECKOTro paspyuieHus. Ero koHcTpyk-
s pa3paboTaHa ¢ y4eTOM BO3MOXKHOCTH MCIIOJb-
30BaHMSI Ha CYLIECTBYIOIIEH TexHUKe. Ja, npeao-
KEHO HCIONIb30BaHUe 0a30BOIl MaIIMHBEI 2 Kiiacca
MOIITHOCTH TPH AHaMeTpe AUCKOBOTO MOPOaOpa3-
pymatomero opraHa 600 mm mpu ero pabore B
rpyHTax IV xareropumn.

Jnis peanu3anuy CHHTE3a IIPUBOJA IOPOAOPa3-
pylIaronero pado4yero opraHa ¢ CymeCTBYIOIIUM
o0opymoBaHueM 0a30BOW MAIIMHBI TPEIIOKEH
KOHCTPYKTHB MOJIYJBHON paMbl, 0OecriednBaromen
GyHKIMN «UKCAN», «YTIyOIeHUs», «mepeMe-
HIeHus» padbodero o00pyIoBaHusI.
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Co3naHa KOMIIBIOTEpHAsI TEOMETPHUYECKass MO-
JIeNTb HaBECHOTO 000pymoBaHUs, pu (HOpMHUPOBa-
HHW KOTOPOH MCTIOIB30BaHbI TOAX0BI (hopMOooOpa-
30BaHUs C HESIBHO BHIPAKCHHBIMH Pa3MepaMu U Ta-
pameTpaMu reoMeTpHIECKUX MacCHUBOB, YTO MO3BO-
JISIET ONTUMHU3UPOBATH MPOIIECC MPOCKTUPOBAHUS C
y4eTOM OOpaTHBIX CBS3CH B Pe3yJbTaTe UMHUTAIIH-
OHHOT'O MOJICJIMPOBAHHUS TIPOIIECCOB U SKCIICPUMEH-
TaJILHBIX UCCJICIOBAHUI M UCIIOJIb30BATh €r0 MPH
(hopmupoBaHnH MHPOPMAITMOHHOW MOACITH CTPOH-
TENBHOTO MPOIIECCa MPH BBIMOJIHCHUN 3EMIISTHBIX
pabor.

KuroueBnble cjioBa: dKckaBaTop, pabodee 000-
pylloBaHHE, paMa, YCTOWYHUBOCTb.
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