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The purpose of the research is to develop and synthesize an effective system for identifying the parameters
of the drilling rig drive, considering the specifics of its dynamic characteristics, to increase the accuracy of modeling,
control and diagnostics of the technical condition of the drive.

Research methodology. In the research process, a systematic approach was used to synthesize a system for
identifying the parameters of the drilling rig drive, which involves a phased analysis of the dynamic characteristics
of the control object, the development of an adequate mathematical model, and the implementation of adaptive
identification algorithms.

Research findings. The following methods of identifying drive parameters were analyzed.: the least squares
method (LSM), the model method with a reference adaptive mechanism (MRAS), Kalman filters (KF, EKF, UKF),
frequency analysis methods, methods based on artificial intelligence (Al). Regarding the selected identification
object, it is rational to apply the canonical non-search gradient self-tuning algorithm using an “auxiliary operator”,
since it is possible to synthesize the desired algorithm based on integration operations with subsequent significant
simplification, which contributes to increasing the speed of the entire system.

Originality. The scientific novelty of the research lies in the development and synthesis of a new system for
identifying the parameters of the drilling rig drive, which provides increased accuracy and speed using adaptive data
processing algorithms and mathematical modeling. Unlike existing approaches, the work first proposes a method
for combining real experimental data with an analytical model of the drive to refine dynamic parameters in real time.
This allows significantly improving the efficiency of drive control in variable drilling conditions.

The practical value of the research lies in the development of an effective system for identifying the parameters
of the drilling rig drive, which allows for the accurate determination of variable dynamic characteristics of the drive
in real time. The proposed approach provides increased control accuracy, reduced energy consumption, timely
detection of deviations in the operation of the equipment and prediction of its technical condition. This contributes
to increasing the reliability of drilling operations, reducing the risk of accidents and reducing equipment downtime,
which is extremely important for mining and ore enterprises.
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Xinos Bikmop, Augopm Bikmop, MasnuwuH Cepeil, MasnuwuHa OneHa. MpuHyunu no6ydosu
cucmem npusoda wapowkosux 6yposux sepcmamis 0715 kap’epis Kpusopixoxs

Mema docsioxeHHs nosisizae y po3pobyi ma cuHmesi e¢hekmusHoi cucmemu ideHmucdpikayii napamempis npu-
BoOa b6ypoBo20 Bepcmama 3 ypaxysaHHsiM crieyuchiku lio20 duHaMIYHUX Xapakmepucmuk i3 Memor MioBUWEHHS
MOYHOCMI MOOE/IH0BAHHSI, KEpyBaHHS ma diaeHOCMUKU MEXHIYHO20 cmaHy Mpusooa.

Memoduka 0ocidxeHHs1. Y npoyeci 00CaiOXeHHS 6y/10 BUKOpUCMaHo cucmeMHull nidxio 0o cuHmesy cucmemu
ioeHmucpikayii napamempis npugoda 6yposo20 sBepcmama, Wo nepedbadae noemarHul aHasiz OUHaMIYHUX Xxapakx-
mepucmuk 06’ekma KepysaHHsl, po3pobKy adeksamHOi MamemMamuyHoi MoOe/li ma BrpoBadXeHHs1 an20pummis
aoanmusHoi ideHmucpikayi.
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Pe3synbmamu docnioxeHHsi. [poaHaniizosaHi memoou ideHmucdpikayii napamempis npusoda: Memod HalMeH-
wux ksaopamis (MHK), memod mooesi 3 emasioHHUM adarnmusHUM MexaHismom (MRAS), kaimaHischki ghiibmpu
(KF, EKF, UKF), Memodu yacmomHo20 aHasi3zy, Memoou Ha OCHOBI Wmy4yHo20 iHmenekmy (Al). o subpaHo2o
o06’ekma ideHmuepikayii payioHasibHO 3acmocyBamu KaHOHIYHUU Herowykosul epadieHmHull an2o0pumm caMoHa-
slawmyBaHHs 3 BUKOPUCMaHHSIM «O0MOMIXXKHO20 oriepamopax», OCKi/IbKU pU UbOMY MOXHa CUHmMe3ysamu wykaHul
aneopumm Ha OCHOBI onepayili iHmeapysaHHs1 3 No0a/IbWUM ICMOMHUM CrIPOWEHHSIM, WO Crpusie MOBUWEHHHO
wBUOKOAIT BCiET cucmemu.

Haykosa HOBU3Ha 00C/IIOXEHHS M0/1512a€ Y PO3PO6UI ma cuHme3si HoBoI cucmemu ideHmudpikauyii napamempis
npusoda byposo2o Bepcmama, sika 3abesrnedye niosulyeHy MoyHicms | WBUOKOODI 3aB0sIKU BUKOPUCMAaHHK adarl-
MUBHUX a/120pummiB 06pobKU 0aHUX ma MamemamuyHo20 MOOEe/HoBaHHs. Ha BiOMIHY Bi0 ICHYrHOYUX Mi0X00i8,
Yy pobomi srepuie 3arporioHoBaHO MemooOUKy MOEOHAHHS peaslbHUX eKcriepuMeHma/ibHUX 0aHux 3 aHalimuyHor
MOOe/1/1H0 Npusoda 0/151 YMOYHEHHS1 QUHaMIYHUX napamempis y pexumi peasibHo20 4acy. Lle dae 3moay cymmeso
fokpawumu eheKmusHicmb KepyBaHHs1 IPUBOOOM Y 3MIHHUX YMOBax GypiHHSI.

lpakmuyHa 3Ha4umicmb 00C/IIOXEHHS MOJIsi2a€ y PO3pobUi echekmusHOI cucmemu ioeHmudbikayii napamempis
npusoda 6yposo20 Bepcmama, sika Hadae MOX/UBICMb Y peasibHOMY 4Yaci MOYHO BU3HaYamu 3MiHHI OUHaMIYHI
Xapakmepucmuku rpusoda. 3anpornoHosaHul nioxio 3abesmnedyye nmosuWeHHsT MOYHOCMI YpPas/iHHS, 3HUXEHHS
eHepaosumpam, CBOEYacHe BUSIB/IEHHSI BIOXU/IEHb Yy pO60OmMI 06/1a0HaHHsI ma Mpo2Ho3yBaHHs (i020 MEXHIYHO20
cmaHy. Le crpusie nioBuweHH HadiliHocmi 6yposux pobim, 3HUXEHHIO PU3UKiB asapili i CKOPOYEHHIO NPoCcmois

MexHIKU, W0 € Had38u4YaliHO BaXX/IUBUM 07151 MIOMPUEMCMB 2iPHUYO0-PYOHOT 2as1y3i.
Knrouosi cnosa: enekmpuyHul npusood, ioeHmudpikayis napamempis, adanmusHe KepyBaHHSI.

Introduction. The rotation drive of a drilling rig is
characterized by changes in the moment of inertia
during the assembly and disassembly of the rig, as
well as changes in the parameters of the armature
circuit—inductance and resistive resistance —during
the operation of electromechanical equipment.
This leads to changes in transmission coefficients
and time constants, which negatively affects the
maintenance of optimal parameters in the process
of drilling blast holes. Moreover, the refusal to use
sensors on the motor requires the use of a state
identifier for the control process, the parameters
of which must exactly correspond to the control
object. Only in this case is it possible to maintain
the rock destruction process with a conical bit at
an optimal level.

Literature review. The following areas
of research are currently undergoing active
development: identification of asynchronous motor
parameters, taking into account low sensitivity to
measurementerrors[1]; monitoring and diagnostics
of electromechanical systems in drilling equipment,
in particular diagnostic systems for mobile drilling
rigs [2]; modernization of electric drives for drilling
systems using thyristor or frequency converters
[3]; automated electric drives for drill rig winches
with PLC control and reconfiguration [4].

Classic algorithms and models are studied:
in [5], algorithms are proposed for identifying
the parameters of a T-like asynchronous motor
circuit that is resistant to data errors when the
rotor is stationary. This uses the assumption of a
reduction in the number of unknown parameters,
which simplifies calculations, with proof of minimal
impact on processes. In [6], mathematical
modeling and regression approaches are
developed; in [7] — a model for modernizing the
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electric drive of a booster unit is developed,
where the dependence of the moment of inertia
and other parameters is approximated using
polynomial regression and Taylor series, including
the parameter of air compressibility depending
on pressure and temperature; in [8], the results
of modeling the dynamic characteristics of an
electric drill with a thyristor frequency converter
are presented: calculation of the transfer function,
control times, oscillatory characteristics, and
optimal start/braking modes; in [9] — parameters
of the tail system and brake unit with algorithms
for state prediction, maintenance, and devices
based on controllers and sensors are presented; in
[10] — a Bayesian approach is used to estimate the
parameters of torsional dynamics in a laboratory
model, modeling the uncertainty of values in the
form of Gaussian noise.

Research objectives. Thus, a significant
contribution has been made to the identification of
asynchronous drive parameters, modeling, and
modernization of individual drilling rig units. Regarding
the selected identification object, it is rational to apply
a canonical non-search gradient self-tuning algorithm
using an “auxiliary operator,” since this makes it
possible to synthesize the desired algorithm based
on integration operations with subsequent significant
simplification, which contributes to increasing the
performance of the entire system.

Main material. The structure of the drive system
is known a priori, so identification boils down to
finding the values of the transfer coefficients.
The task is to synthesize an adaptive observation
device that estimates the state vector of the object
and identifies its parameters [11].

These parameters can be found using direct
calculation identification algorithms or an adaptive
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model. The use of direct calculation algorithms
requires direct or indirect measurement of state
vectors, and for this it is necessary to know their
values at discrete moments in time. In reality,
measurement errors occur, and this imposes
significant limitations on the application of direct
computational identification algorithms. Therefore,
we solve the problem in the field of identification
using an adaptive or self-tuning model. At the
same time, at each current moment in time, the
instantaneous mismatch between the output
vector of the model and the vector of the real
process is minimized. This requires the use of
gradient adjustment methods — search and non-
search [12].

Searchenginesrequire numerical differentiation,
which is achieved by introducing search parameter
variations and using synchronous detection. In non-
search systems, the “auxiliary operator” principle
and sensitivity theory are used to determine the
gradient. Therefore, with regard to the object of
identification under consideration, it is rational to
apply a canonical non-search gradient self-tuning
algorithm using an “auxiliary operator,” since it
is possible to synthesize the desired algorithm
based on integration operations with subsequent
significant simplification, which contributes to
increasing the performance of the entire system.

By selecting voltage as the input variable and
motor armature current as the output variable, we
obtain the transfer function of the identification
object

Ip) - PIL,

p>+R,p/L, +C.C,®/J/L,

ulp), (1)

where p is the Laplace operator;

L4 is the inductance of the armature circuit;

R, is the active resistance of the armature
circuit;

Cg, C,, is the structural steel of the DC
motor;

@, is the rated magnetic flux of the motor;

Jis the moment of inertia of the drive;

I(p), U(p) are mages of current and voltage.

In the domain of originals, equation (1) will

transform to the form

d_2I+ L, dl +cEcMcD5 _
a? R, dt  JL,

1 du
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where the moment of inertia, resistive resistance,
and inductance of the armature circuit are variable
parameters of the control object. If inductance
and resistance change slowly over time, then the
moment of inertia can change both slowly over
time (due to rod wear) and abruptly (during the
assembly and disassembly of the drilling rig).

In accordance with the differential equation
of the control object (2), we accept a model that
is adjustable and described by a second-order
differential equation

o2l dl - du
—+ao—+pl=y—. 3
a e PTG ®)

Where the coefficients: o — is directly
proportional to the value of resistive resistance,  —
is inversely proportional to the moment of inertia,
v —is inversely proportional to inductance, i.e

a=R,/L;; B=C.C,®%/L,/J; v=1/L,.

As a measure of the quality of the self-tuning
criterion, we select the objective function, which is

determined by the ratio & = (I—7)2, i.e., the square
of the difference between the actual and restored
values of the armature current, which are measured
on the identification object and calculated on the
model that is built.

One can find the gradients of the model
parameter settings:

) .

%—_iaizi([_[)ﬂ'

dt T, o0 T, do

ad 1o 2

1o 2, 5, @
t T, T, %

dy _ 10¢

dt “?E:?( "’a

The sensitivity function of the restored current
value with respect to the adjustable parameters o,
B, v, is the function of the parameter’s effect on the
restored current value, i.e.
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To simplify transformations from the domain of
originals, we move to Laplace operator images,
from where we explicitly extract the desired
sensitivity functions

LN RPN
oo(p) p? + pa(p) + B(p) 20 (PWe, (P);
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115



ISSN 3041-2080 (print), ISSN 3041-2099 (online)

Identification object

C
1
" v, K, /R ;
| — > - 4 » ¢, P, HR@— ! >
: P+’ T,p+1 L,/R,p+1 w Jp :
v, 1) I
! e Py e I
e e ) Mo s i . e e vy T T TrTmrTmrTm T .
I — @
. 1 4 \-
i T ettt !
; p 1 1 - 1 BO(p)
: 1Y e o> ™’ | : a ol X "—
; 1 P P 1 p p I
! ||| | :
! 1 X |l : 1 e X 4—' 1
| b ~ f 1 < i |
. server . L 1
! 1 e X I I 1 |y X 1
S (PR R P s B
v . -~~~ T —/——]T T —— '; $ A — -
P »Q—> l —p l Il x c—!— -1 e 1 < ! < '
P 7 ], ! T P L !
| —_ || ! o, I
| -1 X j— 1 | MAX Controller & .
! 7 S SISt TS !
| I I 1
1 1 X | |
: -« F : I 1 | 1 :‘ X
| Wio(P) | D p Al
il iRl Rl I — 1 |k
| ] I I 1 led x e I
1 1 1 1 | _ 1
I | < |
! p T}/ ! ] -1 < X < 1
! Y miv ! ! )
! Controller | i "
1 I - - T = .___.__.__':
e e e s s e 1 1
. ) 1 L L ) |
p y .

116

Fig. 1. Structural diagram of the drive parameter identification system of the drilling rig
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Since the common part of the auxiliary operator
is the same for all configurable parameters and
does not contain information specific to each
parameter, only essential auxiliary operators are
used to simplify the self-tuning circuit and increase
its performance.

Thus, the parameter tuning algorithm a, B, v,
where essential auxiliary operators are used, is
based on the following system of equations:

a(p) = === pl(p)(I(P) - I(P));
P
2
TB -p
1P) = 2= pUPI(P) - (p))
p

¥

B(p) = —=——I(p)(I(p) - 1(p)); 7)

The structural diagram of the adaptive drive
parameter identification system, which is based on
the algorithms of equations (7), is shown in Fig. 1,
where the common part of the auxiliary operators
is located in dotted rectangles.

Conclusions. During the research, an
important scientific and practical task was solved:
a method for determining the technical parameters
of drilling equipment drives was identified, which
allows increasing its efficiency and ensuring the
adaptability of the control system to changes in the
dynamics of the object.

1. A mathematical model of a drilling rig
drive was analyzed, taking into account the

main nonlinearities and inertia of the system.
This made it possible to create conditions for
constructing an adequate structure for the
identification mode.

2. The identification system based on an
adaptive approach was synthesized, in particular
using identification methods based on recursive
parameter estimation. This approach ensured high
accuracy in determining variable parameters in
real time.

3. Simulation modeling was performed, the
results of which confirmed the effectiveness of
the selected identification system structure. It was
established that the system detects parameter
changes with minimal time delay and high
resistance to interference.

4. Adaptive control of the drilling drive
is ensured: thanks to real-time parameter
identification, it is possible to dynamically adjust
the control system in accordance with changes
in load, temperature conditions, component
wear, etc.

5. The practical value of the study lies in the
fact that the proposed approach can be used in
automated drilling equipment control systems
to increase equipment life, reduce energy
consumption, and prevent emergencies.

6. Further research may be directed toward
integrating the developed identification system
with intelligent algorithms for predicting the state of
the drive and extending the model to multi-channel
control.
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