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Abstract. Mathematical modeling of the frequency-controliddctric drive system of the main fan
installation of an underground mine for the exi@ct of diamond-bearing rocks in the
MatLab/Simulink environment is considered. The madgs developed based on the block diagram
of the actually used installation according to wedl-known method of Professor Fashchilenko. The
authors improved the typical mathematical modelaalling blocks that take into account the
efficiency of the fan, motor and frequency conwvertes a result of the simulation, the values of the
angular speed of rotation, flow, pressure and poe@rsumption of the fan installation were
obtained with an error not exceeding 5% in relatmthe initial data and calculated parameters.
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AuHoTamusi. PaccMOTpeHO MaTeMaTH4ecKoe MOJIEIUPOBAHUE CHCTEMBI YaCTOTHO-PETYIIHPYEMOTO
SJIEKTPONIPUBOAA TJABHOW BEHTHJIATOPHOW YCTAHOBKM TOJ3CMHOTO pYAHHKAa 10 I00BIYe
anMmasocojepkammx mnopox B cpexe MatlLab/Simulink. Mogens paspaboTana Ha OCHOBaHHHA
CTPYKTYPHOH CXEMBI PeallbHO HCIIOh3yeMOH YCTaHOBKHM 10 HM3BECTHOW MeETOIMKe TMpodeccopa
Qamunenko. TUOBas MaTeMaTHdeckasi MOJENs Oblia J0opaboTaHa aBTOpaMH ITyTeM J100aBICHHUs
OJIOKOB, YYHTHIBAIOIIMX KOO(Q(PUIMEHTH IOJE3HOTO JEHCTBHUSA BEHTHIATOPA, MABUTATENA H
npeobpasoBarelis 4acToThl. B pesynbraTe MOAEIMPOBAHUS MMOJTYYUIM 3HAYCHHS YIIIOBOW CKOPOCTH
BpAILCHNs, TI0Ja4M, JABICHUS W TOTPeOIIEMOM MOIMHOCTH BEHTUISATOPHOU YCTAHOBKH C
HOTPEINHOCTEI0, HE TpeBblnaromeid 5% Mo OTHOMIEHHIO K HMCXOAHBIM JAHHBIM M PacYEeTHBIM
napameTpam.

One of the most critical and most energy-intensinés of the mine is the
main ventilation fan, which serves to create a safmosphere for mining
operations in mines and mines. The electric driygtesn of the main fan unit
(MFU) consists of a fan, a high-voltage electrictonp a frequency converter,
ventilation duct systems for reversing and switghtine airflow, as well as control
and remote control equipment [1].

Airflow and depression often need to be adjustesufticiently large values.
The operation of the fan depends on many parameterthe following must be
taken into account: capacity regulation within 18%drequires seasonal fluctuation
of the environment (pressure and temperature); réugired air capacity may
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increase by 1.5+2 times over the life of the mibigsting at the end of shifts
requires an increase of 15+20% productivity (dailythm of mining operations);
productivity can be reduced to 30+50% of the wagkame on holidays and repair
days [2].

As we can see, a large area of economical contomlesh must be ensured
during the operation of the MFU. An effective methaf controlling the electric
drive of such fans is frequency regulation. A cheaigthe frequency of the supply
voltage is understood as ensuring the regulatisspeéd or torque in a given range
with the required accuracy. Modern frequency cotever(FC) are easily integrated
into any automation systems, do not require compbatching circuits and have
built-in service capabilities (control of the drimeotor speed and current, advanced
protection system, etc.) [3].

Modeling of the MFU electric drive system will beerfiormed using the
MatLab software product in the Simulink environmeased on the block diagram
shown in Fig. 1 [4].
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Fig. 1. Structural diagram of the system of FC teledrive of the MFU

Calculation of supply, static pressure, efficienppwer, static moment of
resistance of the fan is carried out using the deégecies obtained for calculating
the operating parameters of the fan at a variatdgilar speed of the impeller. The
model is built to be able to model different famsprovide different inputs. For
perception of the model, it is visually conveniemtalculate each of the parameters
using subsystems [5].

For a VCD-31.5M fan with an AOD-1600-10U1 asyncloos motor, the
functional diagram with the numerical values of élements of the MFU variable
frequency drive (VFD) system is shown in Fig. 2.

All parameters for this model are calculated.

The drive model contains: input device for settthg speed (Constant2);
frequency converter model implemented on aperiddik of the first order
(Transfer Fcnl); EMF adder of the frequency corereand internal feedback on
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the motor EMF; transfer function of the moment limplemented on the aperiodic
link of the first order (Transfer Fcn); adder oktklectromagnetic torque of the
motor and the negative moment of static resistaneated by the fan; engine speed
link implemented with the help of an integratort@égrator) and an amplifier (Gain);
internal EMF feedback of the motor is implementsohg an amplifier (Gainl).

The output coordinate of the variable frequencyelnnodel is the angular
velocity, which is recorded using the Display ahe $cope [6].
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Fig. 2. Functional diagram of the MFU VFD system

The fan model is represented by two subsystems s{@tdm and
Subsystem1). The input (initial) parameters of the are implemented on five
sources of constant action (Constant). The dispfathe numerical values of the
quantities calculated in the model is carried osing Display blocks, and the
dynamics of coordinate changes is carried out uScape oscilloscopes [7].

Graphical simulation results are shown in Fig. 3.

Thanks to the designed and developed mathematicdélnit is possible to
solve various problems related to different modesegulation of the MFU VFD
system, as well as its energy consumption.

Thus, after successful modeling of the VFD systdéngsan be said that the
electric drive with a frequency converter has ahhefficiency of operation, the fan
efficiency is not lost during regulation, it hasienple design, it shows an increase
in the operation of the economical area and a dseran power consumption.

It should be noted that the use of an adjustaldetrét drive additionally
provides: lighter operating modes at a reducedtiontaspeed, thereby increasing
the life of the fan; transmission and distributioinelectricity, and a reduction in
production costs, which is due to a reductionsrcansumption by almost half.
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c) d)

Fig. 3. Graphical results of simulation of the MMBD system: a) angular velocity;
b) submission; ¢) pressure; d) power consumption
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