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MODELLING OF TRANSFER MECHANISMS TAKING INTO CONSIDERATION
KINEMATIC AND DYNAMIC CHARACTERISTICS

Abstract

This paper presents an analysis of mechanical systems. It considers matrix methods for determining the
positions of links and the transformation of the simplest movements of the output links of motors into the
movements of the working bodies of the machine, which are carried out by a mechanical system consisting of
transmission mechanisms. The object of study is a mechanical system including an executive organ, a
transmission mechanism and a motor. The technological processes mechanised with the help of this system
are used in a wide variety of industries. The practice of engineering calculations demonstrates that in many
cases the links of transmission mechanisms are the most pliable, directly transmitting dynamic loads.
Consequently, the modelling of transmission mechanisms in mechanical systems, taking into account both
kinematic and dynamic characteristics, is a highly relevant area of study. This research presents a set of
methods and techniques for determining the kinematic and dynamic characteristics of mechanical systems. It
is shown that geometric characteristics significantly affect the dynamics of the mechanical system as a whole.
The Lagrangian equation of the second kind is employed in the formulation of the equation of motion of
mechanical systems. A crucial phase in the modelling of mechanical systems is the assessment of the stress-
strain state of the supporting metallic structure. Autodesk Inventor software was utilised to ascertain the stress-
strain state and safety factor of the mechanical system.

Keywords: matrix of kinematic pairs, transfer function, transfer mechanism, mechanical system,
mathematical model, electromechanical system.
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19.A. ITxxonnac6eKoB aThIHIAFbl MEXAHHMKA KOHE MallMHATAHY MHCTUTYTHI, AJMaThl K., Kasakcran
KHUHEMATHUKAJIBIK 7KOHE TMHAMUKAJIBIK CUITATTAMAJIAP/IbI ECKEPE OTbBIPBIII
BEPLIIIC MEXAHU3MJIEPIH MOJEJIBJAEY

Anoamna

Byt sxyMbicTa MEXaHUKANBIK KYHeNnepl Talnay Macelelepi KapacThlpbuirad. BybIHAap IbIH OpHAACYbIH
AHBIKTAYABIH MaTPHLIAIBIK O/iCTepi, COHAal-aK KO3FaITKbIITApAbiH LIbIFeIC OYBIHAAPBIHBIH KapanaibiM
KO3FaJIBICTApbIH  Oepilic MEXaHM3MAEPIHEH TYpaThlH MEXAaHUKAIBIK >KYHEMEH JYy3ere achlpbUIaThiH
MAaIllMHAHBIH JKYMBIC OpPTraHAapbIHBIH KO3FaIbICHIHA aHHAJABIPY KapacThIpbUIaAbl. 3epTTey OOBEKTICl
aTKapyIllbl OpraHibl, OEpUIiC MEXaHWU3MIH KOHE KO3FAJITKBIIITH KAMTUTHIH MEXAaHUKAJBIK JKYHe OOJIbII
Tabbutaabl. OChl XKYHEHIH KOMETIMEH MeXaHWKaJaHIbIPbUIFaH TEXHOJIOTHSUIBIK MPOLECTEp ©HEPKICINTIH
OpTYpJi cananapelHAa KoJAaHbUianel. MHXeHepiik ecenTeynep ToKipHOeci KOpCeTKeHIEH, KernTereH
XKarjainapia JUHAMHUKAIBIK JKYKTeMelepli Tikelel xidepeTiH Oepiiic MexaHHU3MIEPIHIH OybIHAAPHI €H
ukemai Oonbin TaObutaabl. COHABIKTAH KUHEMATHKAJBIK JKOHE JAMHAMMKAJIBIK CHUMaTTaMaliapAbl ecKepe
OTBIPHIT, MEXaHUKAJIBIK JKyHenepaiH Oepiiic MexaHH3MIEPiH MOJIENIbAEY Maceseiepi oTe ©3€KTi. 3epTTey
MEXaHUKAIBIK JKyHeJIep/iiH KHHEMATUKANBIK XKOHE JUHAMUKAIBIK CHITaTTaMaNapblH aHBIKTAy dicTepi MEH
O/IiCTEePiHIH KHUBIHTHIFBI OOJBIN TaObUIAAbL. [ €OMETPHUSIIBIK CHITATTaMANIAp JKaJIbl MEXaHUKAIBIK KYHEeHIH
JMHAMHUKAChbIHA aWTapibIKTall ocep €TeTiHI KepceTireH. MexaHMKaNbIK >KyHelepAiH KO3Fajbic TeHIEYiH
KypyJa ekiHii tTanrteri Jlarpanx TeHaeyi KoJaAaHbuiaibpl. MexaHUKaJbIK KYHeaepal MOAebACYAiH MaHbI3 bl
Ke3eHI TIpeK MeTaJlll KYpPbUIBIMBIHBIH KepHeysi aedopMaliusuianraH KyHiH Oaranay OOJIbIIT TaObLIabl.
MexaHUKaJBIK JKYHeHiH KepHeylsi AedopManvsiiaHFaH KYHiH KoHE KayilCi3ZiK KO3(QQHUIMEHTIH aHBIKTay
yirin Autodesk Inventor 6armapaaMacsl KOJMIaHBLIBL.

Tyiiin ce3mep: KHMHEMATHKAIBIK JKYITApJIbIH MaTpHIachl, Oepilic (QyHKIMACH, Oepiigic MeXaHH3Mi,
MeXaHUKAITBIK XKYHe, MaTeMaTHKAJIBIK MOJICIh, JJIEKTPOMEXaHUKAIBIK JKYHe.
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3.I. Vanues!, K. bucembaes?, E.C. Temup6ekor?, JI. Kepumkysos!, M. Kananus®

'MucTuTyT MEXaHNKM M MAaIIMHOBEICHHS UMeHM akaneMuka Y. A.JlxonnacOexoBa, . Anmatsl, Kazaxctan
MOAEJINPOBAHMUME INEPEJATOYHbBIX MEXAHU3MOB C YYETOM KHHEMATHUYECKHUX
N ANHAMMNYECKUX XAPAKTEPUCTUK

Annomayus

B nanHoli paboTe paccMOTpPEHBI BOIPOCH aHATH3a MEXaHMYECKHX CUCTeM. PaccMaTprBalOTCsl MaTpUUHBIE
METOJIBI OIIPE/ICIICHHs MOJOKCHNI 3BEHBEB, a TaKkKe MpeoOpa3oBaHHE MPOCTEHIINX JBIKCHUH BBIXOIHBIX
3BEHBEB JIBUTATENEH B ABIKEHHS PabOYMX OPraHOB MAIIMHBI, KOTOPHIE OCYIIECTBISIOTCS MEXaHUYECKOM
CHCTEMOH, COCTOSIIEH U3 MepeAaTOYHbIX MeXaHU3MOB. OOBEKTOM HCCIEIOBAHUS SBJISIETCS MeXaHHYecKas
crcTeMa, BKIIOYAIoIas UCTIOMHUTENIbHBIN OpraH, epeAaTouyHblii MEXaHW3M U JIBUTaTeNb. TexXHOIOrn4ecKue
MPOLIECCHI, MEXaHN3UPOBAHHBIE C TIOMOIIBIO 3TON CUCTEMBI, HAXOST IPIMEHEHHE B CAMBIX Pa3HbIX 00JIaCTAX
npoMbIIIeHHOCTH. [IpakTuka MHKEHEPHBIX PacdyeToB IMOKa3bIBAET, YTO BO MHOTUX Ciydasx HaubOolee
MOJATAMBBIMU  OKa3bIBAIOTCS 3BEHbS IEPEJATOYHBIX MEXAaHH3MOB, HEMOCPEICTBCHHO IIepelarolue
IMHAMUYECKHe Harpy3ku. I103ToMy BONPOCH MOAENMPOBAaHMS MEPETATOUYHBIX MEXaHU3MOB MEXaHHUECKHX
CHCTEM, C YYETOM KHHEMAaTH4YeCKUX M JWHAMHYECKHX XapaKTCPHCTHK, SBISIOTCS OYCHb AKTyaJbHBIMH.
HccnenoBanue npeacTaBisieT co00i COBOKYITHOCTh METOIOB M MPHUEMOB ONpEAEICHUS] KWHEMaTHUECKUX U
JMHAMHYECKUX XapaKTePUCTHK MEXaHW4ecKuX cucteM. [loka3aHo, 4TO reoMeTpHUYECKHE XapaKTePHUCTUKU
CYILIECTBEHHO BJIMSIOT HA JUHAMHKY MEXaHHMYECKOW CHCTeMBl B IieJoM. IIpu cocraBieHWM ypaBHEHHS
JBIDKEHUST MEXaHWYECKHUX CHUCTEM HCHOJb3yeTcs ypaBHeHue Jlarpamka BToporo poaa. BaxHbM 3Tamom
MOACIIUPOBAHUA MEXAHUYCCKUX CHUCTEM SBJIICTCA OLCHKA HaHpﬂ)KCHHO'Z[e(I)OpMI/IpOBaHHOFO COCTOsSAHHUA
Hecynield MeTaUTMYeCKOi KOHCTPYKIMHK. [l ompeneneHus HanpspKeHHO-Ie(pOPMUPOBAHHOTO COCTOSIHUS U
k03¢ duIMeHTA 3amaca IPOYHOCTH MEXaHHUYECKOM CHCTEMBI Oblila puMeHeHa mporpamma Autodesk Inventor.

KiroueBble cjioBa: MaTpuila KHHEMAaTHIECKUX Tap, nepenaTodnas (yHKIUs, epeIaTOYHbI MEXaHU3M,
MeXaHU4YecKas CHCTeMa, MaTeMaTHYeCKasi MOJIeIIb, SJICKTPOMEXaHIMYECKasi CHCTEMA.

Main provisions

This paper deals with the analysis of a mechanical system consisting of transmission mechanisms.
This mechanical system has both translational and rotational kinematic pairs. Matrix methods are
used in determining the position function of the links. The dependence of the output link of the
transfer mechanism on the output links of the motors is shown. When considering the mechanism
with electric drive, the mechanical system is considered as an electromechanical system. This allows
us to derive not only the equation of motion of the mechanical part of the system, but also the
associated equations of the electrical part. The study of motion of such systems should be carried out
for the whole system or its individual elements. The links of a technological machine can be
represented in the form of local models. The paper also considers the case when the link directly
transmitting dynamic loads is an elastic element of the transmission mechanism. As a result, we
consider a dynamic model with an elastic transfer mechanism. This paper shows that when modelling
the transfer mechanisms of mechanical systems, it is necessary to take into account the position
functions, elasticity of links, and motor characteristics. To obtain a complete system of equations of
motion of the machine, to the equations of motion of the mechanical system must be added to the
characteristics of the motor. From the obtained equations, the values of generalised coordinates,
generalised velocities and generalised forces are determined.

Introduction

The problems of the theory of mecha-nisms and machines can be grouped into three areas: analysis
of mechanisms, syn-thesis of mechanisms and the theory of automatic machines. Analysis of a
mecha-nism consists of studying the kinematic and dynamic properties of a mechanism ac-cording to
its given scheme, and synthesis of a mechanism consists of designing a scheme of a mechanism
according to its given properties. A lot of research work is being carried out in all three of these areas
of the theory of mechanisms and ma-chines.

The article discusses the analysis of the manipulator mechanism of a techno-logical machine
Fig. 3.This mechanical system has both translational and rotational kinematic pairs. To determine the
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position of the links of a mechanical system, you can use graphic, analytical, graph-analytical
methods [1-5]. When compiling mathe-matical models of the kinematics of manipulators, matrix
calculus has become most widespread. In this work, the matrix method is used to analyze the position
of links, and the coordinate transformation equations are shown.

When determining the position function of the links, the theory of matrices of kinematic pairs is
considered. The paper considers the dynamic criteria of the kinetostatic model of mechanical
systems.The influence of geometric characteristics on the dynamics of a mechanical system is shown.
When determining the law of motion of mechanisms, local dynamic models of transmission
mechanisms are usually considered, taking into account the characteristics of the engine Fig. 4. The
article discusses some issues of compiling mathematical models of electromechanical systems. For
the dynamic analysis of the movement of an electromechanical system, as a mechanism with electric
drives, the most convenient are the equations Lagrange-Maxwell, which make it possible to obtain
equations of motion not only for the mechanical part of the system, but also for the electrical part
associated with it. The study of the motion of such systems must be carried out for the whole system
or its individual elements [6].

During the study, a scale model of the technological machine manipulator was created Fig. 6. An
important stage in the design of mechanical systems is the assessment of the stress-strain state (SSS)
of the supporting metal structure. For this purpose, software packages that implement the finite
element method are increasingly used [7,8]. In this work, the Autodesk Inventor program was used.

Research methodology
The transformation of system coordinates x;y;z; into coordinates x;y;z; is performed according to
the equations:

X; = allxj + alzyj + a13Zj + a;
Vi = A1Xj + Qz,Y; + ay37; + b; 1)
Zi = Az1Xj + azy; + azz3z; + ¢;

where are a;, b;, ¢; the origins of system j in system i, and the coefficients of the coordinates are
the direction cosines of system j relative to i:

a;, = cos(ﬁ), Ay = cos(ﬁ), a3 = cos(z]/,_x\l),

a,, = COS(DZE), ayy = COS(}Z,—;), ay3 = COS(Z/,—;), (2)

az, = COS(.’)ZZ), a3, = COS(JZ,—Z), a3z = COS(Z/Z),

If during this transformation we keep the designations of the direction cosines according to (2),
then the matrix T;; has the form:

ay1 Az1 931 G

Ty = Q12 Az Qzp bj
ai3 Q3 0azz G

0 0 0 1

If the beginning of system j does not coincide with the beginning of system i, then to measure the
Euler angles it is necessary to draw through axes parallel to the axes of system i.0;

Let us introduce the notation:

cosBj; = c1,c08Yj; = €3, c05Qj; = c3,5inb; = s1,5iNYj; = 55, singj; = s3 (Fig. 1.)
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X; 9

Fig. 1. Euler angles

Then the direction cosines:
Q11 = C2€3 — €15253, Q12 = —C253 — €152C3, A13 = S1S2, A1 = S3C3 + C1C2S3, App =
—S2S3 + €1CC3, a3 = —S1Cy, a3y = 5153, Q32 = 51C3, az3 = C1. (3)

The matrix of coefficients of the right-hand sides of the coordinate transformation equations T;;
(or T;;) depends only on the type of kinematic pair and therefore can be called the matrix of the

kinematic pair. Taking into account the formulas for the connection between direction cosines and
Euler angles (3), we obtain:

T.. frd

J

cosyjicosdj; — costsinsingy;  —cosyjising;; — cosjsingjicosgpj;  sinbsingy; a;
simjicosj; + cosbjicosyysing;  —sinyjsing;; + cosbjicosyjicosp;;  —sinbjcosyy; by 4)

sinfj;singj; sinbj;cosgj; cosb; Ci

For links i and j of a rotational pair, we direct the axis O;z; along the axis of this pair, the shortest
distance 1; between the axes O;z; and Ojz; is compatible with the axis O;x;, and the origin of

coordinates Oj is placed at a distance 1;; from the axis O;x; (Fig. 2).

"z Z;

X /

i

Fig. 2 Rotational pair
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Then the nutation angle 8;; = const, the procession angle ¥;; = 0, and taking into account the
accepted notation we obtain from (4) the matrix of the rotational pair:

cospj;  —singj; 0 l;
Tji = cost;singj; cosbjcosp;;  —sinb;;  —l;sinbj; (5)
Slngleln(,b]l SinejiCOS¢ji COSGjl’ ljiCOSHjl'

Translational pair matrix is obtained from matrix (5), if we consider the parameter l; = s;; to be a
variable value, and the angle ¢;; = 0. The angle 6;; in this case is the angle between the axis 0;z; and
the axis of the translational pair, and the value 1; is equal to the shortest distance between these axes.

Under the same conditions, if instead of a translational pair there is a screw, then the distance [;; =
s;; should be considered a variable value related to the angle of rotation ¢;; by the relation

dji
Sji = Nji o

Where hy; is the pitch of the helix.

As in the case of plane mechanisms, the problem of determining the positions of the links of spatial
mechanisms by the method of coordinate transformation can be reduced to the joint solution of the
equations obtained by opening one or more kinematic pairs. In contrast to the problem of analytical
determination of link positions, which is generally reduced to the solution of a system of nonlinear
equations, the problem of determining the velocities and accelerations of any points on the links of
the mechanism can always be reduced to the solution of a system of linear equations. Consequently,
this problem is not difficult.

Results of the study

The transformation of the simplest motions of output links of engines into motions of working
bodies of the machine is carried out by a mechanical system consisting of transmission mechanisms.
The transformation of motion performed by the transmission mechanisms is characterised by position
functions.

At the initial stage of the study, it is necessary to linearise certain nonlinear parameters of the
motor and transmission mechanisms, including friction in kinematic pairs, the elastic properties of
links, and so forth.

In the case when we consider that the elements are absolutely rigid, there are no gaps and the
system has one degree of mobility, the position of any element is uniquely determined from the angle
of rotation of the driving linke;.

Then

¢n =, (9q)

Where I1,, is the position function of link n.
Transfer functions or analogues of speeds, accelerations and jerk are

ro_ dHn "o__ dznn no__ dgnn
"dey Y det M de?

The connection ¢,, $,, ®, between these geometric characteristics and kinematic ones is
determined

{(pn =5 (1) @1, ¢ =113 (4’1)(.0% + I, (1) @1, 6)
Pn = H%’(‘Pﬂd’% + 315 (91) 91$1 + T, (1) 5.
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From (6) it is clear that when using transfer functions there is a clear separation of geometric and
kinematic characteristics. In gear mechanisms with round wheels, the gear ratio is constant

don
do,

i — const, =k, op=kp,+C

the position function is linear.
On = (@) 91, Pn = (@) P1, Gn = (1) P

Inertial loads occur only when the condition or is violated ¢; — const, II;, — const. With a
nonlinear position function (cam, lever, stepping, etc.), even in an ideal mechanism &, # 0, inertial
loads arise. If, for example, a force F is applied on the driven link n, which is balanced on the driving
link by the moment M, then, due to the equality of work on possible displacements

M =1 (¢)F
Mde, = Fds, = I;(¢,)de F, s, =,,(¢1), ds, =15 (¢;)de, (7)

It is obvious that even IIj, # const a constant force F leads to the appearance of an alternating
disturbing moment on the driving link, capable of exciting forced oscillations of the drive. Let us
assume that the force F is the inertia force of the driven link n, assuming that the driven link performs
translational motion at ¢p; — const, we have

$n = Mp (@) @1, 3 = My (0) @7 + I (91) 4 eciu ¢, — const
|F| = |F,| = m|3] = m|I;; (097 (8)

substituting into (7), we have

IM| = mez T, 1| 9)
From here
ms? dT .. dar Vs
T, = Ezmss, Ezml'lnl'lngol.
o — 1 dT b dT Kineti
nlly = m@? dt’ where o inetic power

Expressions (8-9) indicate that geometric characteristics significantly influence the dynamics of
the mechanical system. Therefore, extreme values |11}, | max Tn lmaxe 1T ITn | max, OF functions can
be used as dynamic criteria with the help of which various laws of motion are compared, as well as
the synthesis of new laws that have, in a certain sense, optimal properties.

In the following, references to position functions and transfer ratios are always provided when
constructing dynamic models of mechanisms. Consequently, the laws of motion of the initial links in
force analysis are assumed to be specified. In this context, the position function expressions of typical
transfer mechanisms and kinematic analysis algorithms are presented in this section.

Now lets return to the consideration of the manipulator of the technological machine Fig. 3.
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Fig. 3. Technological machine manipulator
1 —working body; 2 — automatic feeder of the working body; 3 - mechanism for moving the automatic feeder
forward and backward; 4 - mechanism for rotating the automatic feeder in the horizontal plane; 5 —
mechanism for rotating the automatic feeder in the vertical plane; 6- mechanism for moving the manipulator
forward and backward; Mi — drive systems.

The links of the manipulator of the technological machine can be represented as local models,
which include the dynamic characteristics of the motor Fig. 4.

ﬂ -/1 & _//7

= HE 10

Fig. 4. The simplest model, including dynamic characteristics of the engine

In motors, the speed of the output link depends not only on the value of the input parameter u, but
also on the load, characterised by the magnitude of the force torque. The static characteristic of the
motor can be represented in the form:

Mz[ = Mcr(u, o),

where g, — speed of the motor output link.

The practice of engineering calculations shows that in many cases the links of transmission
mechanisms directly transmitting dynamic loads are the most ductile. An elastic element of a
transmission mechanism (Fig. 3) can be, for example, a travelling screw, which is a rod operating in
tension or compression. The stiffness of such an element:

c = EF/I,

where E is the elastic modulus of the first kind; F is the cross-sectional area; | is the rod length.

Let us consider the reduced moments of inertia of the mechanism (Fig. 4) of the motor J,(q,) and
actuators B J;;(q,), the reduced moments of driving forces M, and resistance forces M.(qy, ;). Let
us denote by ¢ and B the stiffness and the resistance coefficient of the elastic transmission mechanism
reduced to its input link. The coefficient of proportionality B is usually determined experimentally.
As a result, we come to a dynamic model with an elastic transmission mechanism (Fig. 5). The
difference q, — g, = 6 represents the deformation of the transmission mechanism reduced to the
motor output.
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+MH qQo Mn g, M.
Tata) )) )} INCH
P4 My

Fig.5 Dynamic model with elastic transmission mechanism

Let us make the equations of motion for the system in Fig. 5. For this purpose, the equations of
motion of the mechanical systems of the engine and actuators are represented in the form of Lagrange
equations of the second kind, taking into account that the moment My arising in the transfer
mechanism can be regarded as the moment of resistance forces acting on the output link of the
mechanical system of the engine, and as the driving moment applied to the input link of the actuators.
By analogy with the equation

Lo 1df .
J(@)g + Eﬁ(q)q =My + M.(q,9)
we have

1
J1(@0)do + 5= (q0)GZ = My — My = My — B(do — 1) — c(qo — q1)

dj
2dq,

1d
Jm(q1)d: + Edi;:(ch)fhz = My + Mc(q,9) = B(Go — G1) + c(qo — q1) + Mc:(q, )

In order to obtain a complete system of equations of motion of the machine, the motor
characteristic must be added to these equations. From the resulting three equations the unknowns g,
q1, Mjy.can be determined.

It can be posited that mechanisms with electric drive can be considered as electromechanical
systems. For the study of their dynamics, the most convenient methodological approach is the use of
Lagrange-Maxwell equations, which have the form of Lagrange equations of the second kind. This
approach allows the automatic derivation of not only the equations of motion of the mechanical part
of the system, but also the associated equations of the electrical part. The compilation of these
equations assumes that the state of an electromechanical system with holonomic connections is
determined by the generalised coordinates of the mechanical and electrical parts of the system. The
Lantrage-Maxwell equations for holonomic systems have the form [1].

ddl _dL_ . _ ..
atog, ag, = bLz.m
dd. _dL _ ...
dtdd, da, ok T heeom

Where L = L, + L, the Langrange-Maxwell function, q, is the generalized speed, ¢ is the
generalized current, o is the amount of electricity. For the mechanical part L, = T — V, where T is
Kinetic energy, V is potential energy.

The electrical part of the function for a mechanical system is the same as the magnetic energy

1 .
L, = Eerslrls
.8

Where r, s are the indices of independent electrical circuits (turns, windings) through which flow,
iisLys - mutual inductance, with r = s - inductance.
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The generalized force Qy is determined from the variation of the electrical generalized coordinate
in the work expression 8A electrical forces from the expression

m
A = Z Z{Er,s - Rr,s,ir,s}] Say
k=1Lrs

Where is the E, ¢ - e.m.f. circuit, R, g - circuit resistance.

A crucial phase in the design of mechanical systems is the assessment of the stress-strain state
(SSS) of the supporting metal structure. During the course of the study, a scale model of the process
machine manipulator (Fig. 6) was constructed. The following data were introduced: Motor holding
torque 200.00 Nm; Amperage: 10 A; Full pitch 1.8°; Output shaft diameter 20 mm; Link length: 1400
mm. It is recommended that scale models be employed to investigate the stress-strain state of the
system and the kinematics of manipulators.

Fig. 6. Scale model of the technological machine manipulator

The utilisation of software packages implementing the finite element method is becoming
increasingly prevalent in the evaluation of SSS. The following results were obtained from the research
conducted:

Yane:1440084
SnemenToi:802952
Tun: Hanpsoxerwe no Musecy
Eavrvua: MPa
29.02.2024, 11:09:37

88,46 Maxc

70,77
53,08

35,39

I 17,69
0 Mun

Fig. 7. Result of Mises stress
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In Fig. 7 shows that the maximum von Mises stress was 88.46 MPa. The figure shows that there
is tension at the joints of the mechanism links, which can have a negative effect at maximum loads.

Yane:1440084

nemeHTwI:802952

Tun: Koadxd. 3anaca NpouHocTH

Egnmya: ul

29.02.2024, 11:08:26 Maxc:15ul |

15 Maxc

Fig.8. Safety factor of structures

After determining the maximum stresses in the structure using the finite element method, we can
determine the safety factor of this structure Fig. 8. The minimum safety factor was 2.34. According
to GOST requirements, the safety factor must be at least 1.5, so the study showed that this assembly
will withstand the load. Therefore, we can use carbon steel material, which will ensure reliable
operation of the structure.

Discussion

It is typical to assume that the external forces applied to the links of the mechanism are also
specified, and thus only the reactions in kinematic pairs are subject to determination. In certain
instances, however, external forces applied to the initial links are deemed to be unknown.
Subsequently, the force analysis entails the determination of forces at which the accepted laws of
motion of the initial links are fulfilled. In both cases, the Dalembert principle is employed, according
to which a link of the mechanism can be considered in equilibrium if all external forces acting on it
are added to the forces of inertia. When selecting a dynamic model of a functional component of the
machine, it is essential to identify those properties that are crucial for the intended purpose and to
disregard any characteristics that may be deemed inconsequential. It is therefore to be expected that
the same object, the same functional part of the machine, can be described by different dynamic
models in different cases.

The most basic dynamic model, which assumes that elements are non-deformable, is typically
covered in the introductory course on the mechanics of machines. The results obtained on the basis
of this model are conventionally designated as "ideal”. In such cases, the problem of determining the
inertial forces at a given motion of the links is typically solved.

The second problem of dynamics must be solved only when considering the machine unit as a
whole, in connection with the determination of non-uniformity of rotation of the leading links. The
analysis of such a kinetostatic model provides insight into the dynamics of mechanisms, which is
sufficient for static loading.

The fundamental assumption underlying the dynamic calculations of the classical theory of
mechanisms and machine dynamics is the assumption of non-deformability of links. However, the
practice of operating machine units indicates that when modelling the working processes of
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mechanical systems, it is necessary to take into account the variability of parameters, nonlinearity of
the position function, elasticity of links, and the characteristics of motors. In the context of modelling
technological machines, it is possible to consider the development of mathematical models of the
complex system "Executive body - Manipulation system - Transport-technological machine - Support
base - Environment" [9].

Conclusion

This paper presents an analysis of mechanical systems. This paper considers matrix methods for
determining the positions of links and transforming the simplest motions of output links of motors
into motions of working bodies of the machine. The research presents a set of methods and techniques
for determining the kinematic and dynamic characteristics of mechanical systems.

The fundamental methodologies employed in the investigation of the kinematics and dynamics of
robots are elucidated in [10]. Theoretical methods for investigating the dynamics and strength of
mechanical systems are based on the construction of mathematical models using the laws of classical
mechanics. Newton's mechanics and Lagrange mechanics. The aforementioned issues can be
addressed in [11-15], which considers the impact of nonlinearity in system position functions,
elasticity of links, variability of parameters within the system, the influence of link and kinematic
pair design features, and the dynamics of actuators and actuating mechanisms.
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