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Purpose. To develop and substantiate a method for computer analysis of the stress-strain state that occurs in the tubbing erec-
tor manipulator mechanism with several degrees of freedom, using modern computing complexes based on the finite-element
method.

Methodology. The research uses software complexes, with the help of which a calculation-theoretical apparatus has been cre-
ated, which is intended for calculating dynamic and static loads that occur in the elements of the tubbing erector manipulator
mechanism. The results of modeling the stress-strain state in the parts and nodes of this mechanism, obtained using the Solid-
Works Motion and SolidWorks Simulation programs, have been compared. The errors in these results have been estimated.

Findings. The effectiveness of the proposed analysis method, based on the combination of SolidWorks applications, in particu-
lar, SolidWorks Motion and SolidWorks Simulation, has been proven on the example of modeling the most complex design of the
UT62 tubbing erector mechanism.

Originality. For the first time, a method for computer analysis of the stress-strain state that occurs in the tubbing erector ma-
nipulator mechanism of the UT62 type has been developed and substantiated. The essence of the method is that initially, using the
SolidWorks Motion application, the laws of motion of the motors are set. The tubbing erecting process itself is divided into discrete
moments of time with the selection of parts in which the stress fields are calculated and with the determination of the maximum
equivalent stress, using the Simulation Setup tool. The change in these stresses during the erecting cycle is analyzed, and if it is
necessary to refine the data, the discrete time step of the mechanism motion is reduced. Specific information about the stress-
strain state of the part is obtained in the SolidWorks Simulation application, using data imported from the SolidWorks Motion
program about gravitational and inertial forces that occur in the tubbing erector mechanism.

Practical value. The proposed method can be used for modeling the motion of mechanisms of different complexity, in particu-
lar, in the design of domestic tubbing erectors.
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Introduction. Literature review. Ukrainian scientists are
actively working to improve domestic technology, produce in-
novative ideas, and generate new directions of fundamental
and applied research.

The scientific school of mining mechanical engineers at
Dnipro University of Technology is actively working in the ap-
plied industry, developing new scientific directions. Thus, the
works conducted under the guidance of Professors K. Ziborov
[1, 2], S. Fedoryachenko [3, 4] substantiate rational parame-
ters of transport functioning. Professor S.Felonenko in [5]
studied the exploitation of improved mining dump trucks.

In the field of machine mechanics, the studies by Profes-
sors K. Zabolotnyi [6, 7], V. Samus [8, 9], S. Ilyin [10, 11], and
1. Belmas [12, 13] are widely known.

Scientific works on the creation of safe equipment for the
preparatory working advance belong to M. Polushyna [14] and
T. Moskaleva [15, 16].

Unsolved aspects of the problem. In connection with the
development of research performed using modern software
complexes, there is a need to develop methods for conducting
a computational experiment that would ensure the effective
use and modernization of technological machines. Today, sci-
entific research concerns the improvement of the tubbing
erector designs [17, 18]. As the results of this issue study have
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shown, the known designs of tubbing erectors have increased
metal consumption and drive power. This is because at present
there is no scientifically based methodology for determining
the rational parameters of such machines.

The scientific idea of the proposed work is the creation of
a method for computer analysis of the stress-strain state in
mechanisms using a combination of modern approaches based
on finite element actions. The idea has been realized through
the introduction of a number of computing complexes.

For tunneling, where the tubbings and blocks are set in the
soils developed by the blasting method, lever-type tubbing
erectors are used. The drilling machine digs blastholes in the
face for laying explosives, which is conducted from the retract-
able platforms of the tubbing erector. When blasting, the tub-
bing erector is driven away from the face to protect the equip-
ment from flying rock pieces. The caved rock is removed using
a rock-loading machine. Then, the installation of cast-iron
tubbing segments or reinforced concrete blocks begins in the
mined-out space. The segments are fed to the tubbing erector
on a trolley. Its executive body is lowered to the segment and
connects it with a gripping device. Further, each segment is set
alternately to the left and right, starting with the lower tray
one. In order to assemble all structural elements, the segment
erector manipulator must have several degrees of mobility,
which ensures that the fastening element is moved in the radial
direction of the tunnel working cross-section, and in the cir-
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cular and longitudinal directions up to the tunnel axis. Last, in
the tunnel space, the upper key segment with wedge-shaped
faces is erected, on which the erector presses to expand the
processing ring, after which the segments are connected to
each other using bolts.

The purpose of this research is to substantiate a method for
computer analysis of the stress-strain state of the manipulator
mechanism in the process of erecting, as well as its verification.

To develop and substantiate a computer model, the struc-
ture and operation of the studied equipment is examined.
Fig. 1, a presents a scheme of the UT62 tubbing erector design
and Fig. 1, b shows the design of its manipulator mechanism.

The computer model of the mechanism, created using the
SOLIDWORKS program tools, has rotational kinematic pairs
that connect the crank 2 (Lever arm), the crank rod 4 (Shoul-
der) and the control link 5 (Section) with the hoisting device 6.
The latter performs the function of assembling the Pin 5 tub-
bings in the mine working tunnel. The crank 2 (Lever arm)
with counter-weight 3 is set on the drive shaft of the hydraulic
motor / (Support). Two power hydraulic cylinders § (Engine)
control the links 4 (Shoulder) and 5 (Section) (Fig. 1, b).

The rotational kinematic pairs of the manipulator mecha-
nism have the form of one-bladed and two-bladed lugs con-
nected by a finger.

To connect the parts into a composite structure, use the
Mate command. Select the Mechanical Mates connection
type and set the Hinge command. Then the Mechanical prop-
erties (Analysis) tab appears, where special connection zones
for further work in SolidWorks Motion and SolidWorks Simu-
lation applications are marked. In particular, Mate location
and Load Bearing Faces. These are sections of elements to
which a load is applied from the interaction of the connected
parts. Here, it is necessary to indicate which faces or planes are
required in the future, by doing this in the windows for the
selection of Concentric Selections and Coincident Selections.
Then, in the Analysis tab, it is necessary to indicate the place
of application of interaction forces and the bearing faces.

After the model is transferred to work in the SolidWorks
Motion application, all connections are converted to elemen-
tary ones (rotational and translational) and the extra, that is,
the matching ones, are automatically removed.

The task to develop a method for computer analysis of the
stress-strain state in the tubbing erector manipulator mecha-
nism having been set, the following parameters are provided
for its testing: UT62 type tubbing erector; tunnel diameter —
9.5 m; lining type — tubbings, blocks; the weight of tubbing or
block is no more than 10 kN.

Description of modeling algorithms. First approach. Firstly,
the forces are determined that occur in the parts and nodes of
the mechanism during the operation of the tubbing erector
manipulator, taking into account the gravitational and inertial
forces, using the SolidWorks Motion software application.
Next, the parameters of the stress-strain state in the parts of
the tubbing erector manipulator are calculated by issuing com-

Fig. 1. Tubbing erector manipulator design

mands built into the specified application, that is, Calculate
Simulation Results, Simulation Plot.

Among the SolidWorks Motion program tools, LinearMo-
torl, LinearMotor2 and RotaryMotor] are selected. To con-
trol them, the Displacement command is issued. The move-
ment of tubbings for a certain time must occur along a given
trajectory with a specified velocity and acceleration, and the
direction of this movement — from the loading place to erect-
ing place. To do this, a mathematical model has been devel-
oped that describes the trajectory of the tubbing movement. In
the model, the tubbing movement is divided into several stag-
es, for each of which a certain number of points (frames) is
determined. The number of each frame corresponds to the
coordinates of characteristic motion points in the mechanism
at a certain moment in time. As a result, three matrices have
been formulated containing the coordinate values of the axes
of the manipulator hydraulic cylinders hinges, which corre-
spond to the discrete time moment. Then, the program calcu-
lates the displacement of all three motors in discrete time dur-
ing the tubbing erecting cycle. The data obtained after per-
forming cubic interpolation (Interpolation type — Cubic
Spline) is imported into the SolidWorks Motion application.

After the motion analysis using the Simulation Setup com-
mand, those parts of the mechanism are determined for which
it is necessary to calculate the stress-strain state with an indi-
cation of the time moment (Fig. 2).

Then, using the Calculate Simulation Results command,
the corresponding research is performed by the Simulation
command with the determination of the maximum values of
the equivalent stresses (Table), using which, a graph is con-
structed of their dependences on the manipulator operation
time (Fig. 3)

If the need arises, then the value of the motion time step is
reduced, and the determination of the stress-strain state values
is detailed. In the studied case of erecting the tubbing, the
maximum equivalent stress is reached when 7= 19.5 s (Fig. 4).
The Figure shows the stress distribution field and indicates the
maximum of them. It should be noted that the indicated time
corresponds to the moment of transition from rotational mo-
tion of the tubbing to the translational radial motion.

The advantage of the described approach is in the possibil-
ity of determining the inertial loads arising during the manipu-
lator movement and in the fact that the calculation time is
short due to the use of a “coarse” finite-element mesh.

The disadvantage of the approach is that, using the Simu-
lation Setup command, it is impossible to control the size of
the computational mesh elements. This affects the accuracy of
the calculation results.

Second approach. The parameters are determined of the
stress-strain state arising in the tubbing erector mechanism
parts using the SolidWorks Simulation application, taking
into account only gravitational forces. In this case, it is neces-
sary to consistently calculate the stresses in parts and nodes
that occur under the action of static load in all positions of the
manipulator when erecting the tubbing. The dynamic load is
calculated approximately, taking into account the coefficient
of dynamics.

When modeling, it is necessary to take into account that
the Mechanical Mates function, provided in the SolidWorks
program and accepted by the SolidWorks Motion application
as a boundary condition, when working with the SolidWorks
Simulation program is not supported; for example, it concerns
the Hinge connection. Therefore, it is necessary to create con-
nectors of the Pin Connector type with a retaining ring that
prevents axial displacement of the mechanism element using
the Connections/Connectors tool.

When analyzing the stress-strain state of the parts, it is
necessary to use a finite-element mesh, which takes into ac-
count the model shape curvature (Curvature based mesh com-
mand) and provides the maximum size of each element (Max-
imum element size) being 20 mm.
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Fig. 2. General view of the window for setting the Simulation Setup command

Table

The results of the determination of the maximum values of
the equivalent stresses depending on the manipulator
operation time

No. Tlrsne, Sl;[/ﬁ)s:, No. Tlrsne, S;/r{e;:,
1 0 63.67 11 23 125.30
2 5 49.51 12 24 120.89
3 10 59.37 13 25 118.00
4 15 103,32 14 26 117.90
S 18 125.43 15 27 117,58
6 19 126,64 16 28 117.52
7 19.5 126.73 17 29 117,79
8 20 126.41 18 30 117.83
9 21 125.39 19 31 117.58
10 22 125.00 20 31.57 117.58
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Fig. 3. Dependency graph of the maximum equivalent stresses in
the manipulator elements on discrete time

The equivalent stress field determined after performing the
static calculation is shown in Fig. 5. As the calculation analysis
shows, the maximum stress is 153 MPa and it is observed in
the rod of the first hydraulic cylinder.

Therefore, the advantages of the second approach in-
clude the short duration of equivalent stress calculation, the
ability to change the computational mesh size (thereby pro-
viding probing, output of results both for nodes and ele-
ments), which affects the accuracy of the state analysis re-
sults.

The disadvantage of the method is that the inertial load is
approximated by the coefficient of dynamics. In addition, the
maximum equivalent stress is observed in a different place, in
contrast to the first approach result, indicating a qualitatively
incorrect result.

Third approach. 1t provides for a preliminary calculation
using the SolidWorks Motion program of gravitational and in-
ertial forces arising in the tubbing erector mechanism, and
then importing the results into the SolidWorks Simulation ap-

Model name: Assem_lever

Study name: Motion Study 1
Plot type: Static nodal stress Stress23
Plot step: 7 time : 19.5 Seconds

—0
=>Yield strength: 22

Fig. 4. Curve of the stress-strain state in the tubbing erector ma-
nipulator
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Fig. 5. Curve of the stress-strain state in the tubbing erector ma-
nipulator

plication. Next, the stress-strain state in the manipulator
mechanism parts is determined. To do this, in the application
to the assembly unit located in the added SolidWorks Simula-
tion module, the Import Motion Loads command is issued
from the menu. In the opened window, the parts should be
selected and indicated that are subject to “static research” us-
ing the SolidWorks Simulation program, as well as enter the
frame number at which the maximum stress is expected to be
reached.

Further, a tab with its name, for example, CM1-ALT-
Frame-489, where 489 is the frame number, appears in the

64 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N° 4



opened window of the studied part. The SolidWorks Simula-
tion research property command includes the Use inertial re-
lief function, which adds an “inertia” attribute to the part mo-
tion, thereby restricting its movement as a solid body.

The SolidWorks Simulation research tree in the External
Loads folder contains the following branches: ALT CentriFu-
gal — centrifugal forces, ALT Gravity — gravitational forces.
The value of the mentioned forces is transferred to the pro-
gram from the SolidWorks Motion application. For example,
in our case, the remote Load Direct transfer branches, such as
ALT RemoteLoads 1 and ALT RemoteLoads 3 will be addi-
tionally created, arising in the Hingel and Hinge4, which
connect the Lever arm part with the Support and Enginel
korpus parts.

The Import Motion Loads command with a part of the
connected parts works incorrectly. It should be noted that the
Import Motion Loads tool correctly sets only those remote
loads that occur in the two-bladed lugs of hinges, that is, the
load in the one-bladed lugs must be specified manually. For
example, this applies to the Hinge2 one-bladed lug connecting
the Lever arm crank to the Shoulder crank rod.

Therefore, when calculating the stress fields in the Lever
arm and Section parts, it is necessary, first, to find the projec-
tions of remote loads in the hinges connecting the Shoulder
part with the Level arm and Section parts on the coordinate
axis, as well as the projections of related parts, by determining
the remote loads that they experience. In this case, it should be
taken into account that all parts constantly rotate relative to
each other.

To determine the projections, the location of the manipula-
tor parts, which corresponds to the time moment of 19.5 s, is
modeled. Further, coordinate systems parallel to the original co-
ordinates are introduced into the models of the Lever arm and
Section parts, in particular, into the holes of one-bladed lugs.
Then, in the assembly unit, the Shoulder part model is edited
and coordinate systems at those points are constructed, whose
axes will be oriented on the Top and Right planes of the Lever
arm and Section parts in the same way as the axes of the two co-
ordinate systems previously introduced into these parts (Fig. 6).

Next, in the Simulation context menu, the Import Motion
Loads command is issued. In the opened window we check if
the name Motion Study matches the calculation performed by
the SolidWorks Motion application. Then, from the list of
Available assembly components, we then transfer the names of
the Lever arm, Shoulder and Section parts to the Selected
Component window, enable the Single frame study button
and indicate the Frame no — 499, closest to the time of 19.5 s.

After that, the tabs of research by the SolidWorks Simula-
tion program with the name CM1-ALT-Frame-499 will ap-
pear on the images of the selected parts.

Fig. 6. Coordinate system construction in the model of manipu-
lator parts for determining the projection of remote loads in
the hinges

Using the SolidWorks Motion application, loads such as
inertial forces and gravity forces are added to the Shoulder
part. A peculiarity of the conducted research is that the Shoul-
der part does not have fasteners. In this case, to compensate
for imbalances, the Use inertial relief research property is
used. Then we perform a static stress calculation.

As the result shows, the maximum stress is 134 MPa and it
occurs in the ribs of the lugs and in the holes for fastening the
first hydraulic cylinder (Fig. 7). For comparison, the research
with the use of the first approach (Fig. 4) has confirmed a re-
sult of 127 MPa, which is 5 % less than in the third approach.
The maximum stress localization in both calculations is the
same, namely, it occurs in the lug near the location of the first
hydraulic cylinder.

A static stress analysis is performed in the Shoulder part
using a Curvature based mesh (with programmed curvature in
it) with a maximum element size of 20 mm. As a consequence,
the maximum equivalent stress is 141 MPa (Fig. 8), and the
maximum stress localization is the same as before.

To construct projections of the force acting on the Shoul-
der part from the side of the Lever arm part, it is necessary to
issue the commands List Result Force, Remote load interface
force in the Result folder. In the property manager, we select
the Coordinate System4, as well as the faces of the two-bladed
lug model. We have the following result: 10.35 kN along the
x-axis, and 178.58 kN along the y-axis. Similarly, in the lug
connecting the Shoulder and Section parts, the projection of
forces along the x-axis is 11.17 kN, and along the y-axis is
77.55 kN.

After that, we proceed to a similar tab called CM1-ALT-
Frame-499, which contains the Lever arm part model. Here
we issue the Remote Loads/Mass command and set the pro-
jections of forces constructed above with the opposite sign in
relation to those acting from the side of the Lever arm part
onto the Shoulder part. We perform a static research. The
stress fields are shown in Fig. 9, a. As can be seen, the maxi-
mum stresses occur in the lug near the first hydraulic cylinder
and reach a value of 92 MPa. In the static research performed
in the first approach, the maximum stresses were 83 MPa, and
they occurred in the same lug.

Model name: shoulder
Study name: CM1-ALT-Frame-499 (-Default-)

Plot type: Static nodal stress Stressl von Mises
Deformation scale: 1 (N/mm”2 (MPa))
Global value: 0.40 to 133.61 N/mm”2 (MPa) _ 134

"'/ plame === y 111

— Yield strength: 221 7175

23
680 11
X, Y, Z Location: | -1.61e+003,-479,101 mm| —0
Value: 122 N/mm"2 (MPa)

Fig. 7. Curve of the stress-strain state in the Shoulder part

Model name: shoulder
Study name: CM1-ALT-Frame-499 (-Default-)
Plot type: Static nodal stress Stress1

Deformation scale: 1 i A
Global value: 0.71 to 140.58 Nimm2 (MPpa) ¥ Mises (N/mm”2 (MPa))

Y—" Y\ 5

— Yield strength: 221
-3

20941
X, Y, Z Location: | -1.61e+003,-479,101 mm| — 1
Value: 134 N/mm”2 (MPa)
Max: | 141

Fig. 8. Result of studying the Shoulder part using the computa-
tional Curvature based mesh
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Model name: lever arm
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Fig. 9. Curves of the stress-strain state in the Lever arm and
Section parts

Similarly, the stress-strain state parameters are calculated
in the Section part. As can be seen from the parameter value
distribution, the part is exposed to acting bending stresses, the
maximum value of which is 79 MPa (Fig. 9, b), and it occurs
in the lug near the second hydraulic cylinder.

Therefore, it can be concluded that the research during the
third approach provides for additional constructions, which
significantly increases the duration of determining the stress-
strain state parameters.

At the same time, due to the possibility of correcting the
finite-element mesh, the accuracy of calculating equivalent
stresses has been increased by 10—15 %.

Conclusions. Based on the research results of the stress-
strain state arising in the manipulator mechanism when erect-
ing tubbings, which is performed using the SolidWorks, Solid-
Works Motion, SolidWorks Simulation programs and their
combination, the following characteristics have been revealed:

1. When determining the stresses arising during the opera-
tion of the tubbing erector manipulator in the parts and nodes
of its mechanism, taking into account the gravitational forces
and inertial forces (using the SolidWorks Motion software ap-
plication), followed by the calculation of the stress-strain state
in each of these parts by using the commands available in the
application, the value of the equivalent stresses has been un-
derestimated by 10—15 % of the real one. This is due to the use
of a high-size finite-element mesh for calculations and the im-
possibility of correcting it, since access to the Simulation ap-
plication settings is denied in the SolidWorks Motion program
interface.

2. Determination of mechanical stresses arising in the
erecting tubbing mechanism parts, directly using the Solid-
Works Simulation program, taking into account only gravita-

tional forces, and the dynamic load calculated using a coeffi-
cient of dynamics, gives qualitatively and quantitatively incor-
rect pattern of the stress-strain state. This is conditioned by the
fact that in such an approach, the increase in the weight of
parts is taken into account during the calculations. In real pro-
cesses, inertial forces during the manipulator mechanism op-
eration act in different directions, reaching significant values
during transient operation modes.

3. When transferring force information from a SolidWorks
Motion application to a SolidWorks Simulation application,
there are some problems. For example, the Import Motion
Loads command cannot work correctly with all parts; in par-
ticular, some of the mated parts are not included in the list of
components available for modeling. In addition, when using
this command, remote loads, such as those occurring in one-
bladed hinge lugs, may not always be displayed. This leads to
modeling of unbalanced external loads in the studied part and
to an erroneous result in determining the stress-strain state. As
a way out of the situation, the remote loads must be modeled
manually, which significantly increases the calculation time.

4. A method for computer analysis of the stress-strain state
that occurs in the tubbing erector manipulator mechanism is
proposed. The essence of the method is that the SolidWorks
Motion program pre-sets the laws of motion of the motors so
that the tubbing moves along a given trajectory. Then, using
the Simulation Setup tool, the erecting process is divided into
discrete time moments and the parts are selected, relative to
the movement of which the stress fields are calculated and the
maximum equivalent stress is determined using the Calculate
Simulation Results command. Then, the changes in these
fields are analyzed during the erecting cycle, if necessary, re-
ducing the discrete time step. For a refined solution of the
stress-strain state in the SolidWorks Simulation application,
the Import Motion Loads command is available, for the exe-
cution of which the part name and the frame number are spec-
ified, relative to which the refined calculation of equivalent
stresses is performed.
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OOrpyHTyBaHHSI METOAY KOMII'IOTEPHOIO
aHaJi3y HanpyKeHo-Ae(OpPMOBAHOIO CTAHY
MeXaHi3My MaHilmy/IsTopa TIOOIHroyKjiIazaya

0. B. Ilanuenxo®

HauioHanbHuii TeXHIYHUI yHiBepcuUTeT «/IHiMpoBCchKa 1o-
JitexHika», M. JIHinpo, YkpaiHa
* ABTOp-KOpecnoHAeHT e-mail: panchenko.o.v@nmu.one

MeTta. BukopucroBytouun cydacHi 00UMCIIOBaIbHI KOMII-
JIEKCH, 110 0a3ylOThCsl HA METO/Ii 3aCTOCYBAHHS CKiHYEHHUX
€JIEMEHTIB, PO3POOUTH Ta OOTPYHTYBATH METOI KOMIT I0TEP-
HOTO aHali3y HanpyXeHo-1e(hOpPMOBAHOIO CTaHy, IKUI BU-
HUKa€E B MeXaHi3Mi MaHimyasiTopa TIo0iHroyKJ1agaya, KOTpui
Mag JIeKiJibKa CTYIEeHiB BiIbHOCTI.

Meronuka. Y JOCHiIKEHHI 3aCTOCOBaHi IporpamHi
KOMIIJIEKCH, 3a IOTIOMOTIOI0 SIKUX OYB CTBOPEHUIA pO3paxyH-
KOBO-TEOPETUYHUI anapar, MpU3HaYeHUH 1T 00UNCIeHHS
NUHAMIYHUX i CTaTUYHUX HaBaHTaXEHb, 110 BUHUKAIOTh B
eJeMeHTaxX MeXaHi3My MaHinyJsiTopa ToOiHroykiamaJa. 3i-
CTaBJIEHi pe3yJibTaTU MOJIEJIOBAHHSI HaIpyXeHo-aehopMo-
BaHOTO CTaHY B AETAJISX i By3JlaX IbOTO MeXaHi3My, OTpUMaHi
i3 3actocyBaHHsM Tporpam SolidWorks Motion i SolidWorks
Simulation. Byau oliHeHi TOXMOKKW B TAKUX pe3yIbTaTax.

Pesyabratn. Ha npukiani MopentoBaHHS HaNOiIbII
CKJIaHOI KOHCTPYKIIiI MeXaHi3My TIOOIHTroyKJagaya Mapku
VYT62 noseneHa eheKTUBHICTh 3alpOIIOHOBAHOTO METOIY
aHaJti3y, 110 6a3yeTbCsl Ha 3aCTOCYBaHHI KOMOiHallil 101aTKiB
nporpam  SolidWorks, 3okpema SolidWorks Motion i
SolidWorks Simulation.

Haykoa noBusHa. Yriepiie OyB po3po0JieHUil Ta O0IpyH-
TOBAHWI METOJ KOMIT IOTEPHOTO aHaJli3y HampyXeHo-aedop-
MOBaHOI'O CTaHy, 1110 BUHMKAE B Me€XaHi3Mi MaHiMyJsiTopa
Tio0iHroykianada tumy YT62. Cyrb MeTOmy IOJISITAE B TOMY,
1LI0 CITOYATKY, CKOpUCTaBIIMCH 1ogaTtkoM SolidWorks Motion,
3amal0Th 3aKOHU pyXy NBUTYHIB. CaM Tpoliec yKIagaHHs Tio-
OiHriB OyB pOo30UTHIl Ha AMCKPETHI MOMEHTH Yacy 3 BUOOPOM
NeTael, B IKMX pO3paxoBYyIOTh MOJIST HATIPYKEeHb, Ta i3 BU3HA-
YEHHSIM MaKCUMAaJIbHOTO €KBiBaJICHTHOTO HAMPYKeHHSI, 3ali-
SIBIIIM TIPU LIbOMY iHCTpyMeHT Simulation Setup. AHasizyeThb-
cs 3MiHa LIMX HAMpPYyXeHb MPOTITOM LMKy YKJIaJaHHS, 3a
MOTPeOr YTOUHEHHSI TAaHWX 3MEHIITYEThCST AUCKPETHUI Yaco-
BUI1 KpOK pyxy MexaHizmy. KoHkpeTHy iHdopmallito rpo Ha-
MpyXeHo-NehOPMOBAHUI CTaH AeTalli OTPUMYIOTh Y TOAATKY
SolidWorks Simulation, BUKOPHUCTOBYIOUM iMIIOPTOBaHi i3
nporpamu SolidWorks Motion maHi mpo rpaBiTamiitHi cuam i
CUJIW iHepllii, 1110 BUHUKAIOTh Y MEXaHi3Mi yKJiajaya.

IIpakTiyna 3HaYMMICTB. 3aTIPONTOHOBAHUI METOMI MOXHA
BUKOPUCTOBYBATU ISl MOJIEJIOBAHHS PYXY MEXaHi3MiB pi3-
HOI CKJIQJIHOCTI, 30KpeMa y TPOeKTYBaHHI BITYU3HSIHUX TIO-
OiHTOYyKJIa/1a4iB.

Kimouosi cioBa: SOLIDWORKS, SOLIDWORKS MOTION,
SOLIDWORKS SIMULATION, maninyasmop mroobineoykaada-
4a, MexXaHiyHi CNPANCEHHS, eKBIBANeHMHI HANDYICEHHS
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