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Purpose. Improving the efficiency and energy performance of an asynchronous electric drive for stationary fan’s
units of the main ventilation line of mines.
Methodology. The research was carried out using the methods of the theory of electrical circuits, mathematical
physics, simulation, interpolation and approximation
Findings. The research of electromagnetic and energy processes in the asynchronous electric drive system with
pulse control at a fan load, taking into account the variable aerodynamic parameters of the main ventilation line of
mines. An electric drive system is able to respond with high accuracy and reliability to changes in the aerodynamic
parameters of the main ventilation line of mines has been proven. This will also increase the power factor of the electric
drive at a fan load up 0.8 to 0.93 p.u., and the efficiency up 92.5% to 94.5%, when regulating in the range of the oper-
ating slip of the rotor of the drive fan motor s = 0.5 TSl which, respectively, is on average up 0,25% to 40 higher

in comparison with systems of an unregulated electric drive. Recommendations has been developed for the design and
rational selection of the rated fan capacity for the main ventilation line to advance the best energy efficiency level of the
electric drive.

Originality. The research of electro-mechanical, electro-energy power and aerodynamic processes in the dynamic
modes of the fan electric drive was carried out. The fan-loaded "induction motor-converter" system has been proven to
be self-regulating. It is able to respond with high accuracy and reliability even at low switching frequencies of the
power chopper to any changes of the aerodynamic parameters of the main ventilation line of mines.

Practical value. Recommendations has been developed for the design and rational selection of the rated fan ca-
pacity for the main ventilation line to advance the best energy efficiency level of the electric drive.
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I. INTRODUTION

Ventilation of mines with main ventilation fans
(MVF) is the most energy-intensive technological
process. Average rated power of fan drives 1000 - 1600
kW, and for the most powerful units up to 4000 kW.
Therefore, the electricity consumption of the MVF
reaches to 30% of the total consumption at the mine. The
MVF park at the mines of the region (481 units) is
rundown by more than 77%. At the same time 370 fans
worked for two or more standard periods [1]. Almost all
mines for MVF use unregulated electric drive systems. A
characteristic feature of the mine ventilation line
determines the operating mode of the MVF. The mode of
operation of the MVF is constantly changing (variable)
aerodynamic resistance during the operation of the mine
(aerodynamic resistance, which changes during the
operation of the mine). This is due to a change in the
configuration of the ventilation scheme, the length and

cross-sectional area of mine workings, the nature of the
surface of their walls, the state of ventilation structures
and mine’s production, as well as other factors [2]. Only
after some time (5 - 10 years) the line resistance becomes
comparable to its initial calculated (prospective) value.
According to the centrally-doubled ventilation scheme,
the resistance changes in relation to the calculated one by
an average of 4-10 times. For diagonally ventilation
scheme - from one and a half to 2.5 times [2]. The mode
of operation of the MVF is significantly affected by the
depression of natural draft, which changes cyclically
throughout the year. The required air consumption by a
mine does not always depend on the intensity of emission
of harmful gases, the number of ventilated objects, and air
leaks in mine’s production. Based on the foregoing, it can
be concluded that it is advisable to regulate the
parameters of MVF. In recent years, the productivity of
most of the mines has decreased and the number of
operating working mine bottom at relatively successful

© Kotsur .M., Hurazda A.V., Dolia B.A., Shestov L.E., 2021

DOI 10.15588/1607-6761-2021-1-2



ISSN 1607-6761 (Print)
ISSN 2521-6244 (Online)

«EJIEKTPOTEXHIKA TA EJIEKTPOEHEPTETHUKA» Ne 1 (2021)

Po3nin «EnekrporexHika

enterprises has decreased. As a result, air demand of
mines has decreased, that the efficiency of many units has
decreased, which leads to high electricity consumption. In
order to increase the efficiency of a significant amount of
MVF, a providing the lowest motor speed is possible. his
can be done with help the use of energy efficient electric
drive control systems.

II.ANALYSIS OF LAST RESEARCHES

In order to increase the efficiency of a significant
amount of MVF, it is possible to applying lower rotor
speed of induction motor, with help energy-efficient
electric drive control systems, such as frequency
converters (FC), inductor-capacitive converters (ICC) and
converters according to the asynchronous-valve cascade
(AVC) scheme. With these systems it is possible to
independently control the speed and torque of the electric
motor (asynchronous or synchronous) [3] - [5]. However,
the frequency converters and the inductor-capacitive con-
verters has a large rated power, which is commensurate
with the power of the VGP motor. In addition, the
application of the frequency converters and the inductor-
capacitive converters for the high-voltage electric drive
MVF is limited in using of the voltage class of the
semiconductor elements of the converters.

In [6] - [7] a system of asynchronous electric drive
with pulse control is proposed, which combines the
positive control characteristics of classical pulse control
with the possibility of energy recuperation into the
network. In comparison with the inductor-capacitive
converters, the asynchronous electric drive with pulse
control allows independently saving a AC in the rotor
with changing parameters of the induction motor in the
subsynchronous range of rotor speed [8]. The
asynchronous electric drive with pulse control has proved
itself well in electric drives of lifting-and-shifting
mechanisms, and can also be effectively used for
powerful high-voltage electric drives of fan units, where
the use of high-voltage frequency converters leads to a
significant increase their cost. The source of current
(torque) in the rotor of the asynchronous electric drive
with pulse control for controlling fan loads makes it
possible, at a given air pressure, to automatically select
the operating point of the flow-pressure characteristics of
the ventilated object or hydraulic supply object, at a
variable air flow rate. The asynchronous electric drive
with pulse control improves the energy efficiency of the
units and mechanisms in various industries [9].

Therefore, an urgent task is to research the control
properties and energy efficiency indicators of an
asynchronous electric drive with pulse control with a fan
load, which ensures satisfactory electromagnetic
compatibility with the network. Thus, the purpose of the
work is to increase the efficiency and energy performance
of an asynchronous electric drive with pulse control with
a fan load.
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III. FORMULATION OF THE WORK PURPOSE

The purpose of the work is improving the efficiency
and energy performance of an asynchronous electric drive
for stationary fan’s units of the main ventilation line of
mines.

IV. EXPOUNDING THE MAIN MATERIAL AND
RESULTS ANALYSIS

In fig. 1 shows the asynchronous electric drive with
pulse control system. A feature of this system is the
presence of a pulse regulator in the rectified current
circuit of the rotor, which performs the function of a pulse
DC voltage converter. When the key is opened, the sleep-
energy of the rotor is recovered to the network at a
constant inversion angle of a low-power inverter. This
ensures the minimum consumption of reactive energy
from the network and will improve the power factor of the
asynchronous electric drive in the full range of rotor
speed.
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Figure 1. The Asynchronous electric drive with pulse
control system

To research the control properties and energy
efficiency indicators of an asynchronous electric drive in
the structure of Simulink of the MatLAB software, a
complex simulation model of electromagnetic and energy
processes was developed. It includes: a subsystem of the
model of a high-voltage induction motor with a wound
rotor, created according to generally accepted
assumptions [10] - [12]; the subsystem of the model of
the control channel in the rectified current rotor,
according to [13]; a mathematical block for calculating
energy indicators, according to [13], as well as a
subsystem of the aerodynamic model.

The subsystem of the aerodynamic model is
described by the following expressions [15]:

M =M, +k-o" (1)
k= (M -M )/ o" )
rated i rated
H
M = —Q 3)
rated n-w
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where M is the idling toque (the toque of starting the

system), Nm; @, .. - rated speed of the motor, rad / s;
@, - operating speed of the motor, rad/s; n - exponent, a
value that depends on the type of unit (for fan load n = 2);
7 - coefficient of efficiency of the fan; H - fan pressure,
Pa; O - volumetric fan air output, m’/s.

The relationship between the fan air output and the

pressure in the main ventilation line can be expressed by
following relationship [15]:

H=R-0% (4)

where R is the resistance of the main ventilation line, Pa
s*/m°.

The current limitation in the subsystem of the
asynchronous model is performed by the control

subsystem, i.e. pulse width modulator. It provides
independent setting of the pulse duty cycle y and the

switching frequency f .

The input parameters of the asynchronous electric
drive control subsystem are: rated pressure in the main
ventilation line of a coal mine H wod’ effective values of

rate

pressure H and volumetric fan air output Q. The

subsystem of the regulation model provides self-
regulation for required pressure Hmted by changing the

speed of the induction motor @, ; This value is set by the

value of the pulse duty cycle ¥ with time sampling 7T :

B, Pa-sim®
i

7/i:7i,1+ki(Ti) if H<H,yeq
(%)
yizyl’,]_ki(Ti) if H > H yeq

where k; is a discrete value, that characterizes the rate of
change y at sampling time 7T .

In fig. 2 shows the simulation results in the form of
oscillograms of aerodynamic indicators and control
parameters: mine line resistance R (fig. 2, a); the
pressure in the mine line A (fig. 2, b); volumetric fan air
output O (fig. 2, ¢); the toque of the induction motor

(fig. 2, d); pulse duty cycle y (fig. 2, e); rotor speed (fig.
2, e), for induction motor type AK-4, 1000 kW at
switching frequency f}, = 600 Hz.

On oscillograms showed the period of speed-up of
the induction motor (t = 0 + 3.5 sec.), as well as the quasi-
steady operation mode of asynchronous electric drive
with pulse control system (t = 3.5 = 7 sec.) with a con-
stant resistance of the mine ventilation line R =0,083
Pa's’’/m®. At the time t = 7 sec, the simulation of the
change the resistance of the mine ventilation line R from
0.083 Pa-s*/m® to 0.053 Pa-s*/m° is performed. At the time
10 sec., the mine ventilation line changing up 0.053
Pa-s?/m® to 0.018 Pa-s?/m®, which indicates about inflation
in coal production in the mine. As a result of a abrupt
decrease in the resistance of the mine ventilation line, the
pressure in the main line decreases.
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Figure 2.Simulation results in the form of oscillograms of aerodynamic indicators and control parameters of asynchro-
nous electric drive with pulse control system for induction motor type AK-4, 1000 kW

The asynchronous electric drive with pulse con- pulse duty cycle y according to (5) until the fan pres-
trol system respond on a change value of the pressure sure H reaches the rated value H
H in the main line by setting a larger value of the

rated *
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Thus, an increase of the pressure in the mine line
is provided by an increase in the rotor current, there-
fore, the torque of the induction motor. At the time of
self-regulation, with a smooth change in the pulse duty
factor (), the appearance of rush components of AC

and the induction motor torque is excluded, ensuring
the stable operation of the electric drive system.

In fig. 3 shows the calculated values of the power
factors of the induction motor type AK-4 (curves 1, 2,
3), as well as the overall power factor of the drive
(curves 4, 5, 6), respectively, for the rated power of the
induction motor 630, 800 and 1000 kW. It follows
from the analysis, that the use of an asynchronous elec-
tric drive with pulse control system will allow increase
the power factor of the fan units by 0.25 p.u. compared
to an unregulated electric drive system due to the op-
eration of the inverter with a constant minimum inver-
sion angle B. In this case, the inverter power uses a
minimum amount of reactive power from the network.
A decrease of the power factor with an increasing of
the working slip rotor of the induction motor is caused
by a decrease of the ¢ power uses of active power from
the network. As well as an increasing of higher har-
monics of the stator and rotor currents of the induction
motor. This is due to the fact, that the value of the har-
monic distortion factor of the stator and rotor of the
induction motor is inversely proportional to the value
of the pulse duty cycle y [16]-[17].

"B 02 03 04 05 06 7 TR
slip, pu.
1 — for electric drive system, 630kW;
2 — for for electric drive system 800kW;
3 — for for electric drive system 1000kW;
4 — for induction motor, 630kW;
5 — for induction motor 800kW;

6 — for induction motor 1000kW;
Figure 3. Dependences of the power factor of induction
motor for type AK-4 and the power factor of asynchro-

nous electric drive with pulse control system on the
working slip

The use of asynchronous electric drive with pulse
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control system for fan units will also allow saving the
overall efficiency in the subsynchronous rotor speed
range on high level up 92 to 94.5%. (fig. 4).

1, % 95

Sn 0.1 0r 0.3 0.4 0.5
slip, pu.

1 — for electric drive system, 630kW;
2 — for for electric drive system 800kW;
3 — for for electric drive system 1000kW;

Figure 4. Calculated dependences of the efficiency of
the asynchronous electric drive with pulse control sys-
tem on the value of the induction motor operating slip

According to fig. 3, fig. 4, the optimal level of en-
ergy efficiency is ensured in the range of working rotor
sleep s = 0.5 + Speq- Therefore, at designing of the
asynchronous electric drive with pulse control system
for fan units, it is necessary that the initial and final
calculated values of aerodynamic resistance R, as well
as the required value of the line pressure H , be se-
lected in such a way, that the range of operating sleeps
of the induction motor equal to s = 0.5 + Spueq. In addi-
tion, the induction motor should be selected with the
highest possible rated power and could ensure the op-
eration of the fan in the range of specified operating
rotor sleeps of the induction motor.

Thus, the asynchronous electric drive with pulse
control system for the fan units of the mine ventilation
line allows ensure:

- high level of the energy efficiency;
- self-regulation of aerodynamic parameters;

- to reduce capital costs in the process of upgrad-
ing the asynchronous electric drive with pulse control
system for fan units.

This will increase their stability and reliability,
thus reducing the level of accidents at mines in
Ukraine.

V.CONCLUSION

The research of electromagnetic and energy
processes in the asynchronous electric drive system
with pulse control at a fan load, taking into account the



ISSN 1607-6761 (Print)
ISSN 2521-6244 (Online)

«EJIEKTPOTEXHIKA TA EJIEKTPOEHEPTETHUKA» Ne 1 (2021)

Po3nin «EnekrporexHika

variable aerodynamic parameters of the main
ventilation line of mines. A electric drive system is
able to respond with high accuracy and reliability to
changes in the aerodynamic parameters of the main
ventilation line of mines has been proven. This will
also increase the power factor of the electric drive at a
fan load up 0.8 to 0.93 p.u., and the efficiency up
92.5% to 94.5%, when regulating in the range of the
operating slip of the rotor of the drive fan motor s =
05 +5 , which, respectively, is on average up
rated

0,25% to 40 higher in comparison with systems of an
unregulated electric drive.

Recommendations has been developed for the
design and rational selection of the rated fan capacity
for the main ventilation line to advance the best energy
efficiency level of the electric drive.
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Mema pobomu. [Tiosuwenna epexmugnocmi pobomu i eHepeemuyHUX NOKA3HUKIE ACUHXPOHHOZO eIeKMPONPUEOOY
0J151 CINAYIOHAPHUX YCINAHOBOK EHMUNSIMOPIE MAICMPATi 20106HO20 NPOGIMPIOGAHHS WUAXI.

Memoou docnidacenns. Jlocriodxncents nposoOOUUCH I3 3ACTNOCY8AHHAM MeMmo0ie meopii eleKmpudHuX Kii, mame-
MamuyHoi izuKu, iMimayitiHo2o MOOeN08AHHS, THMEPNOIAYIT Ma ANPOKCUMAYI].

Ompumani pezynomamu. IIposedeno 00CniodHcenHs: eneKmpoMazHimHuX i enepeemuyHux npoyecie 8 Cucmemi acu-
HXPOHHO20 eeKMPONpUBoOy 3 IMNYIbCHUM Pe2y08AHHAM NPU 8EHMUTAMOPHOMY HABAHMANCEHH] 3 YPAXYBAHHAM 3MIH-
HUX AepOOUHAMIYHUX NApamempie mMazicmpani 20106H020 NPOGIMPIOGanHs waxm. Bemanosneno, wo cucmema enexm-
Ponpugoody 30amHua 3 6UCOKOI0 MOYHICIMIO | HAOTUHICMIO Peazy8amu HA 3MiHU AepOOUHAMIYHUX NAPAMempie Mazicmpa-
N 207106HO20 NPOGIMPIOBAHHA WAXM, A MAKONC 00360AUMb RIOGUWUMU KOEDIYieHm NOmYyNICHOCHI eleKmponpugooy
npu eHMUIAMOPHOMY Hasaumadicerti 0o 0,8 + 0,93, i koeghiyienma xopuchoi 0ii 0o (92,5 + 94,5)% npu pecynrosanni 6
dianasoni pooouux K063aHs pomopa npusioHo2o 6eHMuIAMopHo2o osucyna s = 0,5+5, , ujo 6i0N06IOHO 6 CepeOHbOMY

Ha 0,25 i 40% euwye 6 nopisHAHHI 3 cucmemMamu Hepe2yibo8aHo20 eneKmponpusody. Pospobreno pexomenoayii 3 npoe-
KMYy6auHs ma payioHansHo20 UOopy 6CMAHOBIEHO] NOMYICHOCMI 6eHMUNIAMOPA 015l MA2ICMPai 20J106HO20 NPOGIN-
PrO8aHHA 0118 3abe3neyeHHs HalKpawo2o pieHs eHepeoedeKmusHOCMI eeKmponpusooy.

Haykosa nosusna. Ilpogedeno 00Cnioxcents eneKmpomMexaniuiux, eneKmpoeHepeemuytux ma aepoouHamivHux
npoyecie 6 OUHAMIYHOMY pexcumi enekmponpusody eenmunamopa. oeedeno, wo cucmema "acunxpounuii 0euzyH-
nepemeopiosay” 3 GeHMUNAMOPHUM HABAHMAICEHHAM € CAMOPERYTIOIY0I0, MOOMO 30amHua peazysamu 3 8UCOKOIO Mo-
YHICMIO | HAOTUHICMIO HAGIMb NPU HUZLKUX YACMOMAX KOMYMAayii Cunoeoeo Kioua Ha 0y0b-saKi 3MIiHU AepoOUHAMIYHUX
napamempis mepesici 20J106H020 NPOBIMPIOBAHHSL WAXM.

Ilpaxmuuna yinnicms. Po3pobaeno pexomenoayii 3 npoekmysanis ma payioHaIbHO20 UOOPY GCMAHOBIEHOI No-
MYACHOCII BEHMUNIAMOPA OISl MARICMPANi 20I06H020 NPOSIMPIOGANHA OJis 3a0e3neyenHs HAlKpaujo2o pieHs eHepeoe-
gexmusnocmi erekmponpugooy.

Kntouosi cnosa: nepemeopiosay, 8eHmMunsmopra yCmano8Ka, eHepzoepekmusHicms, muck, iMnyibCHe pezyno-
8aHHS.
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Lenv pabomsi. Tosviwenue shgpexmusnocmu pabomel 1 IHEPLEMULECKUX NOKAZAMENEl ACUHXPOHHO20 dNEKMPO-
npu8oda Onisk CMAYUOHAPHBIX YCMAHOBOK EHMUTSIMOPO8 MASUCMPATLY 2TAGHO20 NPOGEMPUBAHUSL ULAXM.

Memoowl uccnedosanus. Hcciedosanusi nposoounucs ¢ npUMEHeHUeM Memooo8 Meopuu dNeKMpPUiecKux yenet,
Mamemamuyeckou QUIUKY, UMUMAYUOHHO20 MOOEIUPOBAHUS, UHMEPROIAYUU U ARNPOKCUMAYUY.

Tonyuennvle pesynomamui. [IpoedeHo ucciedoganue 31eKmpOMACHUMHBIX U IHEPLEMUYECKUX NPOYECCcO8 6 CUC-
meme ACUHXPOHHO2O INEKMPONPUBOOA C UMNYTIbCHBIM Pe2yIUpOSaHUeM Npu GeHMUIAMOPHOU HA2PY3Ke, C yUemoM ne-
PEMEHHBIX  A2POOUHAMULECKUX NAPAMEMPax MASUCHPATy 21A6H020 NPOGEMPUSAHUS WAXM. YCmanoeneno, umo
cucmema INEKMPONPUEOOa CHOCOOHA C BbICOKOU MOYHOCMbIO U HAOEHCHOCMBIO pPedsupoéamb HA U3MEHEHUS.
AIPOOUHAMUHECKUX NAPAMEMPOS MALUCMPATY 2ABHO20 NPOSCMPUSAHUS WAXM, A MAKHNCe NO360JUM NOBBICUMD
Koauyrenm mMowHocmu 31eKmponpueood npu eeHmMuIsmopHou nazpyske 00 0,8+0,93, u koagguyuenma noneznoeo
Oeticmeusi 00 (92,5+94,5)% npu peeynuposanuu 6 Ouanazone pabouux CKOIbICEHUN POMOpPA NPUBOOHO20

8eHMUNAMOPHO20 Osueamena § = 0,5+ SH , umo coomseemcmeeHHo 8 cpeonem Ha 0,25 u 40% eviwe no cpasHerutro ¢

cucmemMamy  Hepeyiupyemozo  2aeKmponpugood.  Paspabomanvl  pexomenoayuu  no - nPOEKMUPOBAHUIO U
PAYUOHATILHOMY 8bLOOPY YCMAHOBNIEHHOU MOWHOCIU GEHMUAMOPA Ol MASUCMPATU 21A6HO20 NPOGEMPUBAHUsL OISl
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obecneuenusi HaUIyye20 YPosHs IHeP203PPEKMUSHOCU DTIEKMPONPUBOOd.

Hayyna nosusna. [lposedeno ucciedosanue 31eKmpomMexanudeckux, 1eKmpoIHepeemuieckux u aspoourHamuye-
CKUX NpOYecco8 8 OUHAMUYECKOM pedcuMe INeKMmponpusooa eenmuasmopa. /lokazano, ymo cucmema "acunxponmublii
ogucamensv-npeobpazoeamend” ¢ GeHMUNAMOPHOU HASPY3KOU ABNAEMCA CAMOPeYIUPYIOWelcs, mo ecms CnocooHa
peazuposams ¢ 8biCOKOU MOYHOCMbIO U HAOEHCHOCMbIO 0adCe NPU HUSKUX YACMOMAaX KOMMYMAYUU CUl08020 Ko4d HA
JH0bble U3MeHeHUs A9POOUHAMULECKUX NaApaMempos cemu 2la8H020 NPOBEMPUBAHUS ULAXTN.

Ilpaxmuueckas yennocmo. Paspabomansl pekomenoayuu no npoekmuposanuio u payuoHaIbHOMy 8bloopy ycma-
HOBIeHHOU MOWHOCIU BeHMUNAMOPA OJ1A MASUCMPATU 2IA6HO20 NPOSEMPUBAHUL OJisl 00eChedeHUs HAULYYUe20 YPOBHS
IHEP2oIPDEKMUSHOCIMU IIEKMPONPUBOIA.

Kntouesvie cnosa: npeobpasosamens, 6eHMUNAMOPHAA YCMAHOBKA, IHEP20IPPeKmuUsHOCmb, 0asneHUe, UMNYTbC-
HOe pezynuposanue.
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