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Abstract. Mathematical modeling of a variable frequency drisystem for a skip hoist in an
underground mine for the extraction of diamond-beprocks in the MatLab/Simulink environment
is considered. The model was developed based doldbk diagram of the actually used installation
using the methodology of Professor Kolganov. Thedehancludes three main transfer functions
(frequency converter, electromechanical and mechhpiarts of the electric motor), an integrating
link and three feedbacks, including full speed fesdk. As a result of the simulation, transient
processes of the main characteristics of the skigt linstallation were obtained with stepwise and
programmable control actions of the speed refersigreal.
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AnHOTanmsi. PacCMOTpEHO MaTeMaTH4eCKOe MOJIEIUPOBAHUE CHUCTEMbI YaCTOTHO-PETYIIHPYEMOTO
JJIEKTPONIPUBOJA  CKHIIOBOM ITOJbEMHOM YCTAaHOBKM IIOA3EMHOrO pyIHMKAa IO J00bIUE
anmaszocofepkaiux mopoa B cperae MatlLab/Simulink. Mogens pa3pabotana Ha OCHOBaHHMHU
CTPYKTYPHOM CXEMBI PeajbHO HCIOJIb3YEMOM YCTAHOBKHM C NPUMEHEHHEM METOIUKH Ipodeccopa
Kosnranosa. Mojiesnib BKITIOUAeT B ceOsi TpU OCHOBHBIE mepeaaTounbie GpyHKimu (nmpeodbpasoBaress
YaCTOTHI, DIIEKTPOMEXAHMYECKOM M MEXaHMYECKOM YacTed 3JIEKTPOJABUIATENs), MHTEPUPYIOLIEE
3BEHO U TPU OOpaTHBIE CBSI3H, B TOM YHCIIE MOJHYIO O0OpAaTHYIO CBsI3b [0 CKOPOCTU. B pe3ynbrare
MOJEIMPOBAHMS  IOJAYYMIM [EPEXOJHBIE IPOLECCHl OCHOBHBIX  XapaKTEPUCTHK CKUIIOBOU
MOJIbEMHOM YCTAHOBKHM TMPH CTYIEHYATOM M MPOrPAMMHPYEMOM YIPABJSIIOUIMX BO3ACHCTBUSIX
CHUrHaJja 3aJaHust CKOPOCTH.

Skip hoisting units are designed for issuing theedimineral to the surface,
transporting mining equipment and materials. An ctele drive is an
electromechanical system consisting of a convedksgtric motor, transmission
and control devices. The electric drive of liftimgstallations can consume up to
40% of the total electricity consumed by the mibp [

The reliability, uninterrupted operation and protikity of the mine hoist
directly affects the rhythmic operation of the emtimine, therefore, special
requirements are imposed on the electric drive haf mine hoist in terms of
reliability and safety [2].

The purpose of the simulation is to build transesftthe angular velocity and
stator current, acceleration diagrams for the gkipvement cycle, as well as
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diagrams of the speed command control signal [3].

The object of research is a frequency-controllexttelc drive (FCED) of a
skip hoist. A comprehensive solution to the problErdeveloping the electric drive
of mine hoisting machines in the direction of irasig their efficiency is relevant.
Electric drives with frequency converters can digantly increase the service life
of mechanical equipment elements and improve theikty of the system [4].

The relevance of this article lies in modeling thigerating modes of an
asynchronous electric motor with a phase rotor @itFfCED system. Mathematical
modeling makes it possible to check the operatimifles of the electric drive
without interfering with the production technolop}.

The MATLAB software package was chosen as a progoamrmodeling the
operating modes of the engine of the skip hoisting (SHU). The possibilities of
MATLAB are very extensive: it is applicable for calations in almost any field of
science and technology. The basis of computer sithonl is a block diagram, based
on which the block diagram of the model is impleteen(Fig. 1) [6].
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Fig. 1. Structural diagram of a frequency-contikgectric drive of a skip hoist

To simulate the operating modes of the electrivedgystem, we present the
transfer functions of the system. The transfer fioncof the frequency converter
(FC) is:

K
W - FC ,
ke (P) T A1

whereKgc - is the static transmission coefficient of theguency converteifgc -
time constant of the frequency converter.

The transfer function of the link of the electromatic torque of an induction
motor has the form of a link of the first order:

— KM
WM (p) pTM +1|
whereKy - is the static transmission coefficient for thec&omagnetic torque of the
induction motor; Ty - electromagnetic time constant of the frequermytolled
electric drive.
The transfer function of the speed link in the kldéagram is represented by
an integrating link:

1
W,(p) =——,
(P) o,
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whereJr - is the reduced moment of inertia of the eleceohanical system.
The transfer function of the current controller ki@ form:

W (p) = M_ ,
PTec
whereTcc - is the time constant of the current controller.
The coefficient of proportionality between the etatcurrent and the
electromagnetic torque is obtained from the retestiop:

M

nom

The transfer function of the speed controller asform:
W, =K.

Speed feedback coefficieHts, transfer coefficient of internal feedback on
the EMF of the motoK,,; motor current feedback coefficielgcy.

We set the dependence of the change in accelesatidime for the cycle of
movement of the lifting installation, for this werite the Boolean algebra in the
block parameters, these parameters have the folipwi form:
(u>0)*0.125*(u<12)+(u>12)*0.75*(u<26.9)+(u>26.9)*(¥<106.9)+(u>106.9)*

*(- 1)*(u<119.1)+(u>119.1)*0*(u<137.1)+(u>137.1)q:25)*(u<139.7).

Based on the block diagram (Fig. 1), a block diaget the model of the
electric drive system is compiled using the MATLA®®ftware product in the
Simulink environment (Fig. 2) [7].
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Fig. 2. Block diagram of a FCED model of a skipdtoi

The simulation results in the form of dynamic pisszs for the coordinates of
the angular velocity and stator current of the dietpy-controlled electric drive are
recorded on the transient diagram (Fig. 3).

On Fig. 3 (a) shows the transient processes oamigelar velocity and stator
current of the frequency-controlled electric driviéh a stepwise control action of
the speed reference signal (10 V), and in Fig.)3nth a programmable control
action of the speed reference signal.

Based on the results of mathematical modelingaiit loe concluded that the
electric drive system is operational. The errothaf calculated and reference data
from the simulated values for all parameters dagsrceed 5% and is often absent
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at all, which indicates a qualitatively collectedhslation results are presented in
the graphs. Evaluation of the results allows usaiesider this system as satisfying
all goals.
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c) d)
Fig. 3. Graphical results of the simulation of F@ED SHU system: a) transient processes
of the angular velocity and stator current withepsvise control action of the speed
reference signal; b) transient processes of thalangelocity and stator current with a
programmable control action of the speed refersigigal; ¢) diagram of accelerations for
the cycle of movement of the vessels of the skipthd) diagram of the control signal for
setting the speed for the cycle of movement olveesels of the skip hoist
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