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methods of the rock failure at the block of stone 
separation from the massif; for all this, while the 
splitting off the planes, in which the blast holes with 
the plastic substance and its material are practically 
used, that may be coincided with the planes of other 
blast holes methods of the breaking. 

5. It has already been found, that for the trans-
versal fracture formation at the bottom level of 
the blast hole at the shock injection of the plastic 
substance and its material into it, it is practically 
required the impact energy, than for the longitudi-
nal fracture formation along the entire length of the 
blast hole, having begun from its mouth.

6. It has already been found, that for the effi -
ciency increase of the directed shock injection of 
the plastic substance and its material into the blast 
holes, the drilled through the intended spalling 
blocks, it is quite necessary to be increased the im-
pact energy and to be reduced their frequency; this 
is due to the fact, that the internal pressure, that can 
be bio-accumulated just in the plastic substance and 
its material, by applying it to the shock, does not 
have enough time to be relaxed during the time be-
tween them. 

7. The method and the special technical facili-
ties of the directed destruction and the disintegration 
of the natural and the artifi cial stone have already 
been introduced, by the shock injection of the plas-
tic substance and its material into the fractures from 
the blast holes, having drilled through the intended 
spalling, in the mining, and as in the industrial, well 
as in the civil construction and their building.

8. The method and also the installation for the 
laboratory works carrying out by the directed de-
struction and the disintegration of the natural and 
the artifi cial stone in the Institutes of higher edu-
cation of the building structure have already been 
developed and introduced. 
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The adaptive regulator application effi ciency in 
the electric drives control system DC of the robot 
manipulation link has been carried out in the study. 
The control system dynamics adaptive stabilization 
has already been implemented, by means of the di-
rect transfer coeffi cient modifying of the electric 
drive control regulator. In its turn, this is caused 
the whole system simplifi cation with the adaptive 
control regulator with its technical implementation. 
This system simulation in the MATLAB (e.g. Sim-

ulink) medium has been carried out. The compara-
tive evaluation of the electric drives simulation 
systems results with the adaptive control regula-
tor with the traditionally used coordinate regulation 
method has been conducted. So, it has been shown, 
that the electric drives adaptive control regulator in 
the system application is provided the manipula-
tor’s desired dynamic characteristics . The similar 
approach to the robot manipulators electric drives 
system construction can be applied to the over-
whelming majority types of the commercially in-
dustrial available robots. 

The degrees’ electric drives of the manipulation 
robots mobility are subjected the variable loads, 
which are caused by their confi guration changes in 
the process of the motion, the weight and the di-
mensions of the cargoes transported, and also by 
the technological factors and the others. The elec-
tric drives load can be varied within the wide limits, 
and be caused the signifi cant change in the dynami-
cal properties of the electric drive control system [1, 
2]. All these systems’ peculiarities and the specifi c 
features should be considered at the manipulation 
robots designing. 

The Control Dynamics Stabilization Method 
So, for example, the degrees electric drives dy-

namic coupling of the mobility for the fl at manipu-
lator, having worked in the polar coordinate system, 
and having considered in the paper [3], is quite seen 
in the fact, that the moment of inertia of the angular 
displacement electric drive load of the manipulator 
is the variable quantity, and it is depended on the 
linear extension of the r hand: 

  (1)

where I1 – the moment of inertia of the 1-st level 
of the manipulator, relative to the axis of rotation 
I1 = const; I2c – the moment of inertia of the 2-nd 
level of the manipulator, relative to the central axis, 
which is parallel to the axis of rotation. The inertial 
load variability of the angular position of the electric 
drive, due to the changes of the manipulator’s linear 
position, is resulted in the quality worsening of the 
control process by it. This is the well – known chal-
lenge, which can be solved, for example, by a certain 
way, the manipulator’s dynamics stabilization. 

Here, in order to be improved the further qual-
ity improvement of the control process, in the re-
sult of the interaction reducing of the manipulator’s 
electric drives, is proposed to be used together with 
the traditional coordinate control by the manipula-
tor of the optimal adaptive regulator. So, the adap-
tive regulator implementation is carried out by 
means of the separate unit, which depending on 
the manipulator’s confi guration, automatically, ac-
cording to the expressions for the values of the gain 
coeffi cients in the main chain of the electric drive 
feedback, it, moreover, is calculated the value of 
the correction adaptive signal. The adaptive signal 
is supported the optimal specifi ed value of the gain 
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coeffi cient, and, simultaneously, it is stabilized the 
gain coeffi cient of the electric drives system. 

The Improvement of the Method
The present paper is dealt with the adaptive 

stabilization challenge solution, by the method fur-
ther improving, having described in [3], the adap-
tive control method, and the study of its effi ciency, 
by quality further improving the quality of the dy-
namical processes fl ow in the electric drives con-
trol system DC of the robot manipulation link. The 
adaptive control implementation is not in the chain 
of the feedback position (e.g. with the simultane-

ous stabilization of the system gain coeffi cient), is 
one from the further improvements, and by means 
of the direct transfer coeffi cient modifying of the 
electric drive control regulator, that is caused the 
system simplifi cation with the adaptive regulator 
and its technical implementation. 

Then, in accordance with the method [3] and 
with due regard for the expression (1), the optimal 
values of the variable gain coeffi cient in the direct 
chain of the electric drive angular movement of the 
hand, depending on its linear extension r, are de-
fi ned by the following expression:

  (2)

where:          

Here, Idv – the moment of rotor inertia of the 
actuating motor (AM); Iр = (0,05....0,25)·Idv – the 
moment of reduction gear inertia, has been given to 
the motor shaft; z – the reduction gear ratio; η – the 
reduction gear effi ciency; Ry – the active line resist-
ance of the AM armature winding; се – the cross – 
ratio counter EMF motor; cm – the AM torque coef-
fi cient; kum – the transfer coeffi cient of the power 
amplifi er drive; α1, α2 – the normalizing factors. 

For the technical implementation simplifi cation 
of the work algorithm (WA), it is also advisable to 
be carried out the non – linear expression lineariza-
tion (2), by the method of the least squares: 

 kφ(r) = ar + b,  (3)
and, in this expression, the a and b linearization 
constants are defi ned for the different i-th line posi-
tions of the ri hand, by the following correlations: 

   (4)

where  –  the gain coeffi cient value for the ri 
value, having defi ned by the non – linear expres-
sion (2). 

The Control Dynamics Study 
In the control process quality study by the ma-

nipulator, the mathematical models of the manipu-
lator’s electric drives have been considered, in the 
form of the block diagrams of the automatic control 
system (ACS), in which the simplifi ed transfer func-
tions of the AM electric drives are presented them-
selves the ACS aperiodic links, as the DC motors 
with the separate excitation (DCM SE) are used, as 
the AM ones. For all this, the DCM SE dynamics of 
the electric drive of the manipulator’s angular mov-
ing with the variable load inertia moment can be 
presented by the transfer function of the aperiodic 
link with the variable time constant: 

   (5)

where uy(p), – respectively, the stress on the AM 
operator pictures, and the AM armature winding, 
the AM shaft speed; – the AM gain coeffi cient; 
Tm(r) – the DCM SE electromechanical time con-
stant, the manipulator’s angular moving electric 
drive. So, the latter one is depended on the AM 
given to the shaft Iпр(r) drive load inertia moment, 
which, in the considered case, is the function of the 
linear position r hand: 

 (6)

Having taken into account the expression (1), 
we will be obtained the expression in the general 
form, that is characterized the dynamical effect of 
the electric linear movement of the servo drive for 
the manipulator’s angular movement: 

 Tm(r) = αr2 + βr + γ  [c],  (7)
where: 

The Simulation
The control process quality study by the manip-

ulator has been made, with the help of the computer 
simulation in the MATLAB (e.g. Simulink) medi-
um. In the study, the motor control systems model 
has been considered by the DC electric drives link 
robot manipulator with the adaptive regulator, in 
comparison with the traditional system model of 
the regulation to be coordinated by the manipulator 
with the degrees’ mutual infl uence of the mobility. 
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The transient processes oscillograms have al-
ready been obtained at the electric drives systems 
developing with the adaptive regulator and the co-
ordinate regulation of the stepped input infl uence 
signals, in the vicinity of the characteristic (e.g. 
from the point view of the drives interaction) points 
of the manipulator’s working plane, corresponding 
to the maximum, average, and the minimum r hand 

extraction and its nomination. The value of the over-
shoot and the tn transient response time have been 
accepted, as the criteria for the adaptive regulator 
impact assessing for the system’s dynamic proper-
ties. So, the transient processes oscillograms for the 
cases with coordinate regulation and with the adap-
tive control regulator have already been given, for 
example, in the Figure. 

    
                                      а                                                                                 b

The transient processes oscillograms: 
а – for the case with the coordinate regulation; b – for the case with the adaptive regulator 

The Results Discussion and the Conclusions 
With the manipulator’s movements, in the vi-

cinity of the characteristic points, corresponding to 
the maximum and the minimum rmax and rmin hand’s 
extractions, in which the moment of inertia of the 
electric drive load manipulator’s angular position 
has the maximum magnitude Ilmax(rmax, rmin) value 
override processes in the electric drive of the an-
gular motion without the adaptive regulator, which 
are the most: the average value σmn = 30 %. But, if 
you move the manipulator’s gripper, in the vicin-
ity of the characteristic point, corresponding to the 
average rmn hand’s extraction, hence, the minimum 
value of the load moment of inertia of the manipula-
tor’s angular position Ilmin(rmn), the magnitude of the 
overshoot and the response time process in the elec-
tric drive of the angular motion without the adaptive 
regulator – σ = 8 %, tn = 3 mkc, while in the system 
with the adaptive regulator – tn = 3 mkc, and the 
overshoot is absent – at the constant transient pro-
cesses characteristics of the electric drive line. 

Thus, the linear adaptive regulator applica-
tion to be maintained the optimal ones, the sys-
tem’s gain of coeffi cient values, depending on 
the manipulator’s confi guration, is provided the 
dynamical processes fl ow further improvement in 

the electric drive with the variable inertial load, 
and, hence, the qualitative indicators of the ma-
nipulation process. So, the similar approach to the 
electric drive system construction of the manipu-
lation robots can be applied to the overwhelming 
majority types of the commercially available indu-
strial robots. 
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