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Abstract: The article examines the control model of an industrial robot moving in changing
conditions. It takes into account dynamic coefficients in the expression of the equation of motion of
an industrial robot, a damper, a dynamic coefficient representing the force of gravity on the links
when moving a load from one point to another, strength coefficients that determine the force of the

link.
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Introduction
Traditional robot control methods are a

complete and accurate dynamic model of the
mechanism and its movement, based on known
and specific conditions. In almost all cases the
appearance of the structure of the equation of
motion of the robot and even the values of the
unknowns included in the equations are also
known. The control algorithm implementing
such a system.

When deviations occur that do not support
qualities under different influences, management
is required about. As a result, the accuracy of the
movement of the robot decreases, stagnation
disappears and transition oscillations increase
[1,2].

How the robot control system changes under
the influence of deviations to the synthesis of
optimal control algorithms, the movement of the
robot before moving on to the initial, unknown
and parametric control quality? The answer to
this question is that if the degree of loading of
the robot increases, then the difference between
the specified trajectory and the real trajectory
increases under the influence of parametric
deviations, which leads to an increase in the
probability of the robot hitting a technological
obstacle or, in some cases, an emergency mode.

This makes it necessary to conduct research
work on the control model of an industrial robot
(SR) moving in changing conditions.

In general, the equation of motion of the SR
working arm moving under variable conditions
that given by [1]:

A(q,9)§+b(q.q80=u (1)

where q is the n-dimensional generalized
coordinate vector;

q,4 — q is the 1st and 2nd order product of
the vector in time;

u — control
moments;

& — SR working arm and vector of load
parameters moving from one point to another
(link length, link weight and torque inertia, load
weight, etc.);

A(q,&) — SR status determinant (nxn) -
dimensional matrix function;

b(q,q,&) — SR is an n-dimensional vector
function representing the moments of the
working arm links.

Let’s imagine, q445(t) 1S @ given program
trajectory.

The challenge is to manage the moments of
given trajectory with a given accuracy in the
synthesis of the algorithm to move around. In
parallel optimization of energy resources in
torque management and issues such as the proper

vector for n-dimensional
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distribution of energy resources across the links
also arises. Under clear initial conditions and
unknown parametric deviations, solving such
problems is difficult [3].
The initial deviation is equivalent to the
exact initial condition
that follows:
_ Q(to) - Qdas(to)
z(ty) = ( . )
Q(to) Qdas(to)
The parametric deviation [¢—&| s
measured in & — (1) magnitude, where is £ the

estimate of the parameter in equation (1).

If z(t,) =0 then, &£ =&, . The SR control
system goes into a deterministic state.
Accordingly, Equation (1) looks like this:

Ugas(t) = A(Gaas)Gaas + D(Qaas) Gaas)  (2)

For variable conditions, Equation (2) is rare
in practice.

Dynamic coefficients in the expression of
the equation of motion of SR,

damper, which falls on the links as the load
moves from one point to another

dynamic  coefficient of gravity, the
combination of links the virginity coefficients
that determine the strength are taken into
account. Given in the equation taking into
account the given coefficients, and this
conditions for the coefficients are derived [1].

Equation (1) is in Cartesian coordinate
system and canonical

be given as follows:

2(t,8) + fx(t,€), x(t,))x(t, &) + c(x(t,§))
=u(t,$) (3)
there f(¢) — n — has a first-order
continuous product in dimensional space;
c(*) - n - continuous in dimensional
space;
lu(e)| <M < .
By reducing the order of equation (3), the
following system of equations is formed:

xX=y,
{}7 =—f(x,y)—c(x)+u (4)
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Because the system has a variable
coefficient and a complex appearance, it is
important to determine if there is a solution. To
do this, include a function that represents the

power supply of the SR worker:
2

Vix,y) = y7 +f c(s)ds (5)
0

(5) The expression for the links is as

follows:
2 X

Vi(x,y)=}%+f ci(s)ds, i

0
=12,..,n. (6)
Consumption of energy resources for SR is
one of the main tasks use one.

dV<M| |<M y2+1
de == 2

Z—Z[V(t) + 1] < M[V(t) + 1]

From the last inequality we can write:

Vi) +1<[V(0)+ 1]eMt:>
V() < [V(0) + 1]eMt (7)

if equality (5) is used,
y? < 2[V(0) + 1]e™M.
(4) The solution of the system of equations

is as follows:
t

x(t) = x, +f y(s)ds.
0

If the last inequality is used,
x(t) < xo + CeM7, 0<t<rt.

(7) from inequality V(t) the function is
limited and hence (4) the system solution time is
0 <t < winthe interval.

Speed problem for SR moving in changing
conditions. Considering the impossibility of
putting the above energy resources consumption
it remains to solve the problem of savings and
proper distribution [1].

If you work on robots that work in changing
conditions trajectory is represented in the form
of graphs corresponding to the movement of
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each link energy savings, given the need to
increase and a conditional extreme to solve the
problem of their proper distribution issue is used.
(5) is the product of time:
% =yiy + Ci(x)xl
= —fi(x, ¥y + vy (8)
Equation (8) is equal to zero and V;(x,y) the

points of the function are determined:

av; . .
—- =yt a(x = —filx, ydyi + yiw =0,

yi(—fiGx, y)yi +u) = 0.

y # 0 the second product —f;(x;,y))y; +
u; = 0 will remain.

And these y; =

U;
fiCeiyi)

will find the

decision.

Solution (7) is passed to the function and
the necessary solutions for the intermediate links
are selected [4].

Optional V, = 0 Let's look at the curve in

the spatial plane for:
2

y
Vix,y) = = +G(x) =V,

there G (x) = [, c(s)ds.
If V, =0 it turns out that the curve has
two branches, and they are:

y =7yo /Z(Vo — G(x)).

At the beginning of V, = G (x) will be.

Conclusion

Solutions found by conditional extremum
are discrete provides the lowest and highest
consumption of energy resources in the links. If
the SR is subject to touch control, then its links
to optimize energy consumption in continuous
motion (3) The following qualitative criteria are
applied to the equation:
C(w) = x'(T)Gx(T)

v (112 + ) de.
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(3) The equation is the maximum of
Pontryagin under the quality criterion
solved on the principles of this equation.
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