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INTRODUCTION

In many scientific articles on construction
topics, the problem of building density has
recently been considered [1, 2]. When working
construction equipment in the construction of
such objects there is a problem of safety of
work. For example, in work [3, 4] the
possibility of an excavator with an offset
digging axis is presented. But, such research
for construction cranes and construction robots
is not enough.

The elasticity of metal structures of real
mechanical systems manipulators greatly af-
fects their work [5]. When lifting cargo ma-
nipulator in its metal construction generated
vibrations due to the complex dynamics of the
machine. Fluctuations cargo the cause errors in
its position and reduce life of the machine. For
eliminate fluctuation make use of the dampers
and devices regulate speed of the working
body of the manipulator [5, 6].

MATERIALS AND METHODS

It is necessary to develop the dynamic and
mathematical models of the boom of the
manipulator, which is mounted on an elastic
base.

The mathematical model must take into
account the parameters of the rigidity of the
support arm of the manipulator, the mass of
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the jet and the load, as well as its geometrical
parameters.

The basic method of compiling the dynamic
equations of motion, the Lagrange equations
are used. The boundary conditions for the
solution of the obtained differential equations
for the angle of rotation the deformed prop
were the boundary values of the displacements
and the angle of rotation of the cantilever
beam within the boundary of the strength of its
Ccross-section.

PRESENTATION OF RESEARCH
MATERIAL

Consider the dynamic system (Fig.1) of a
manipulator with a hydraulic drive, in which
the mass of m arrows and load are
concentrated on the end of a rigid arrow in
length [;.

The bottom of the arrow is fixed on one
fixed hinge and through the support link of
length I, on an elastic basis. On the model, the
elastic base is depicted as a spring with
stiffness c. The mass of the link |, is neglected.
The model also does not take into account the
damping of possible spring oscillations.

Changing the departure of the arrow of the
manipulator occurs by rotating it around the
fixed hinge by the introduction of the rod of
the drive hydraulic cylinder, which is one end
connected to the lifting arm, and the other is
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mounted on the support link. This leads to a
change in its length g.

J

Fig.1. Simplified dynamic model
of the manipulator

For the generalized coordinates of motion,
the angle o of the rotation of the arrow and the
angle ¢ of the rotation of the reference link I,
due to the deformation of the elastic support is
assumed.

This approach to drawing of the dynamic
model of the manipulator shown in scientific
papers [7, 8] and is beyond doubt. However, in
the examined robots, the oscillations of the
boom of the manipulator without considering
the elasticity of the base are studied.

The kinetic energy of the considered system
is equal:

T2 3,6, )

where o and ¢ are respectively the angles of
rotation of the arrow from the injection of the
hydraulic cylinder and from the deformation of
the support; J; is an aggregate moment of
inertia of the mass of the arrow and load.

Masa elastic strut is not considered. A dot
above angular coordinates means time

differentiation. Thus ¢ and ¢4 are angular
velocities.

UNDERWATER TECHNOLOGIES e 08/2018, 58-60
Industrial and civil engineering

In simplified form, the moment of inertia J;
will take into account as:

%4%+mm )

where m,and m are respectively the weight of

the boom and load.
The potential energy of the system:

o2
11 = —Mmy gy, + % ) (3)

where m; = %+ m — consolidated mass of the
system; y; is the vertical coordinate of the
concentrated mass; y, is the coordinate of the
deformation of the spring.

The vertical coordinate of the concentrated
mass is equal:

y; =lysin(a+ ). (4)

The spring coordinate of deformation is
equal:

Y, =l,sin(@, — ) =1, (¢, — ). (5)

In the assumption of the holonomic pull
according to the method of the Lagrange
equation of the 2-nd kind, the differentiation of
expressions (1) and (3) is made and the
following system of equations is compiled:

daaor_or _, _ol.
dtd¢ déa  oa’ ©)
daaor _or _, _on
dt 09 O op
where Q =M;(a,t) and Q,=0 are

generalized external forces in the form of
driving moments; Mi(a, t) — is the driving
moment that creates the actuating mechanism
of the manipulator for rotation of its arrow.
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A nonlinear differential equation of motion
of the boom system is obtained as a result of
the transformation of the system of equations
(6). In work [9], the result of the
transformation of the Lagrange equation and
the obtaining of the dynamic equation of
motion of such a boom-type manipulator.

CONCLUSIONS

The resulting equations of motion can be
solved by numerical methods. The result of
this study will be useful in building the
optimal mode of motion of the manipulator,
taking into account the elasticity of the support
mechanism.

The use an intelligent drive system of the
manipulator it is proposed to which will adjust
the speed of its working body for optimal
traffic laws by throttling the working fluid
with a hydraulic valve for minimize the
fluctuations of such a system.

Optimal movement of boom law proposes
that the manipulator system identified by
minimizing the "energy" of accelerating and
jerks.

The damping device with a limiting
movement in the reference system of the
manipulator another option for reducing the
fluctuations of the load is proposed to
integrate.

This decision will allow for fluctuations of
energy recovery and re-use it in the course of

work.
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