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Summary. In this article the issues of dynamic analysis of the executive branch of the machine system
are considered. The analysis of the design scheme consisting of the spatial system, suspended in space on the
flexible elements, was carried out. The mathematical description of the harmonic oscillator, which is the executive
link of the mobile machine, is obtained. A simulation model was created in the Simulink computer environment to
study the dynamics of the loaded executive of the mobile machine. The reaction of the model to forced harmonic
oscillations, which has quasi-random character, with sinusoidal influence, is obtained. The obtained result
suggests that in the operating unit of the mobile machine there are oscillations with a wide frequency and
amplitude spectrum, which can cause resonance of elements of the technological system in a wide frequency range.
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Statement of the problem. When designing machines and mechanisms, a decisive role
in choosing the parameters of a future product has a reasonable prediction of its performance,
based on strength and strength calculations. At the same time, the indicators of the expected
accuracy of the executive motions of the product are determined based on the chosen calculation
schemes, which are based on a number of assumptions that allow them to be reduced to solvable
mathematical constructions - the equation of statics and dynamics. However, in some cases,
such assumptions allow finding common solutions that relate to the established modes of
product operation, but overlook certain cases of practical interest and are not trivial. This
applies, first of all, to the dynamic processes that can accompany the projected product [1, 2].

Analysis of the available investigations. The development of mechanical assembly
production is also based on the use of promising constructions of the main technological
equipment. Therefore, high-speed, multi-operation metal-cutting machine tools with numerical
control systems, technological equipment of flexible machine-tool modules and robotized
production are used. A special place in this process begins to occupy equipment based on
mechanisms with parallel kinematics. Their advantages are manifested in their low metal
capacity, energy intensity, dynamism, and also in the kinematic possibilities. This makes this
equipment attractive for the creation of flexible automated productions with smaller, compared
with traditional manufacturing solutions, primary costs, as well as the costs of continuously
updating core production assets to maintain the competitiveness of products produced by
reducing its cost [3 — 6].

The Objective of the work. The purpose of the work is to develop a method of
experimental research of the loaded part of a mobile machine tool. This goal is due to the fact
that in the prediction of the performance characteristics of mobile robot machines based on
mechanisms with parallel kinematics, the dynamic analysis of the executive part of the machine
tool system is an important task, the solution of which it is expedient to perform on the basis of
attracting funds simulation behavior of the spatial structures of the spatial structure.

Statement of the task. Conduct an analysis of the executive part of the machine system
based on the attraction of the simulation behavior of spatial structures.
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Experimental model. The mechanisms of the "tripod" and "tetrapod™ type, which, in
conjunction with the delta mechanism and the control device, based on the neural network, have
been used as the source link in the problem laboratory of mobile intelligent technological
machines of the Donbas State Machine Building Academy for the construction of a mobile
machine tool-robot, reference model of the mechanism in the working space (Fig. 1).

Figure 1. Design and scheme of a mobile robot

An estimation scheme that allows an analysis of the dynamics of the design features can
be represented by the spatial mass system m suspended in space on flexible elements with
rigidity parameters cx, cy, ¢; and damping hy, hy, h; (Fig. 2).
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Figure 2. Scheme of a mechanism with parallel kinematics for simulation modeling

For this system, within the limits of small amplitudes, it will be fair to assert that the
frequency of fluctuations fo of mass m can be calculated by the formulas (1):

1X 2X ly 2y f — ClZ +CZZ (1)
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where, fo— frequency of oscillations, Hz; m — weight, kg;
Clx, C2x, Cly, C2y, C1z, C2z — hardness H / m.

Since the resonance frequency is the same for any direction of the axes, and the mass of
the material point remains the same for any measurement of space, then we can accept equality

(2):
Clx +C2x =Clx +C2x =Clx +C'2x (2)

Based on this expression, we can restrict ourselves to studying the features of the
dynamics of a system consisting of a body of mass m, suspended on two springs with rigidity
c1 and co.

For this scheme a mathematical description of a harmonic oscillator is obtained, which
is an executive link of a mobile machine, if we take into account the perturbing influence that
submits to dependence (3):

1
X+ =X+ @iX = a, cos ot (3)
T

An outrageous force is presented in the form of an expression (4):

it

a,e” = oy (COswt+i sinwt) )

You can make a decision for the real part X, if avy the expression ascosat is a real
value, then the solution is found (5):

X=X, 5)
Then:
(_wZ_l_lﬁ_l_ngXoeiwt:aoeiwt (6)
T
From here:
% - a, -0’ —i(olt) woy-o'-i(wl7)

0_a)(f—a)2+i(a)/r).a)(f—a)z—i(a)/r)_ao(wg_wz)2+(a)/r)2 (7)

And the real and imaginary parts are like:

(a)oz—a)z)ao
Re(X,)= — - (8)
(a)o —® ) +(wl7)

-(a)/r)ao

(a)é—wz )2 +(a)/r)2

Im(X,)= 9)
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At large values of 1, the attenuation weakens and the imaginary part of the displacement

increases at resonance.
You can record the bias amplitude (10):

&y

[(a)g -’ )2 + (a)/r)le2

p:(XOX; )1/2: (10)

Then, the force acting in the executive link can be determined by the formula (11):

1 1, w’/t
P—-E Ma,wl (xo)—EMaO ) > 1)
(s5-0) +( %)

T

The resulting expression is fully consistent with the conclusions presented in the works
[7-12].

To study the peculiarities of the dynamics of the loaded executive branch of the mobile
machine, an imitation model was created in the computer environment Simulink (Fig. 3).

\

Sine Wave

1 o 1

5 5

|
Gainé ntegrator Integrataor
Gain? z
i <]

Caonstant \ -
h

.

h 4

B 1 I

5
Integrator? Integrator3

Gaind

1/m

Gain3

Gaind

Figure 3. Simulation model of the executive branch of the mobile machine in Simulink

For given values m = 20; ¢1 = 20; h1 = 0.02; ¢2 = 30; h2 = 0.03; g = 10; the amplitudes
of forced harmonic oscillations of 0.2 um, the reaction of the model to forced harmonic
oscillations is obtained in the form presented in Fig. 4.
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Figure 4. Temporal diagram of the oscillation of the executive link of the mobile machine when forced

harmonic oscillations

The magnitude of the amplitudes in such a model does not exceed 2 pum, however,

deserves attention to the quasi-random nature of oscillations, although the equilibrium effect
has a sinusoidal form.

Conclusions and suggestions. The obtained result suggests that oscillations with a wide

frequency and amplitude spectrum arise in the executive link of the mobile machine, which can
cause resonance of the elements of the technological system over a wide range of frequencies.
Such a mode of operation of mobile machines with mechanisms of parallel kinematics should
be taken into account in the design of technological processes and in the technological
preparation of production in order to ensure the productivity and accuracy of equipment
throughout its lifetime.
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IMITAIIAHE MOJEJIOBAHHS JIISI JOCJIKEHHS
HABAHTAKEHOI JJAHKA MOBLJILHOTO BEPCTATA-POBOTA

Cepriii KoBaneBcbknii; Ojsiena KoBasneBcbka

Jlonbacwvka oeporcasna mawmunodyoisna akaoemis, Kpamamopcwk, Yrpaina

Pe3tome. Poszensinymo numanHs OUHAMIYHO20 AHANIZY BUKOHAGYOI JIAHKU 6EpCMAMHOL cucmemu.
Ipoananizosano po3paxyHkogy cxemy, wjo CKIA0AeEMbCs 3 NPOCMOPOSOI cucmemu, niosiueHoi 8 NPpocmopi Ha
eHyuxux enemenmax. Ompumano MamemMamuyHull Onuc 2ApMOHIYHO20 OCYUNIIMOPA, SAKUM € BUKOHABYA NIAHKA
MmobinbHoeo eéepcmama. Cmeopeno imimayitiny Mmodenv 6 KoMn'tomepnomy cepedosuwi Simulink Onsa
00CniOdNCeH s 0cOONUBOCMeEl OUHAMIKY HABAHMANCEHOI BUKOHABUOI 1aHKU MOoOiIbHO20 éepcmama. Ompumaro
peaxyito MoOeni Ha GUMYUIEHT 2APMOHIUHI KOTUBANHS, WO MAE KBA3IBUNAOKOBULL XAPAKMep NPu CUHYCOIOATbHOMY
enaugi. Ompumanuti pesynvmam O0036019€ NPUNYCIMUMU, WO Y BUKOHABYIN JNaHYi MOOIIbHO20 8epcmama
BUHUKAIOMb KOIUBAHHA 3 WUPOKUM YACMOMHUM § AMAIIIMYOHUM CHeKmpOM, 30amHi SUKIUKAMU DPe30HAHC
eleMeHmi8 MeXHON02IYHOL cucmeMu 8 WUPOKOMY 0iana3oni Yacmom.

Kniouogi cnosa: ounamivnuil ananis, inmenexmyanvhi 6epcmamu-pooomu, napaieibHa KineMamuxd.
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