Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

- Design and modelling of a universal CNC

Power stabilization system for the regulated mechne
. . . astvorova an yucherev
electric drive of transport vehicles

- Development of plasma technology for
metal powders used in additive

technoloqi
To cite this article: O M Bolshunova et al 2021 J. Phys.: Conf. Ser. 17563 012014 Ae?A rllc;gyrlgj, B A Yushin and V Ya Frolov

- Natural and anthropogenic drivers of the
lost groundwater from the Ganga River
basin

. . . S D d Vimal Mish
View the article online for updates and enhancements. Warup Langar and Vimal Mishra

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.138.125.188 on 12/05/2024 at 08:58


https://doi.org/10.1088/1742-6596/1753/1/012014
https://iopscience.iop.org/article/10.1088/1742-6596/1753/1/012040
https://iopscience.iop.org/article/10.1088/1742-6596/1753/1/012040
https://iopscience.iop.org/article/10.1088/1742-6596/1753/1/012019
https://iopscience.iop.org/article/10.1088/1742-6596/1753/1/012019
https://iopscience.iop.org/article/10.1088/1742-6596/1753/1/012019
https://iopscience.iop.org/article/10.1088/1748-9326/ac2ceb
https://iopscience.iop.org/article/10.1088/1748-9326/ac2ceb
https://iopscience.iop.org/article/10.1088/1748-9326/ac2ceb
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstw6GsibkK_3tqVOu0Yb_dE9r7T1-wNdVJ0k5rySULEOlYZCL---Dbh4DnskRV6F-plSATK8rrAOo1WYnQSnLlsiI5nS1xiK8q9CBIDQ21UOBJ-aq9ViUXF0ZLnkhl1RsbEK2FkyFrSXJpT7RFEuQdbrCLz88pvs2jle_xh6DYAMBTI8dwkOcUBXcrO6gce04MB5cS--ttm1d_McP48P3u6DzJim0hhCApwVOa1xNsrPgiqDMdBItnt_EcpYStj_sVXOq2OAZH3mAJIF-UFAH2Medyvy-VPRxjL1gMzlMkhnYyvSQmnAwNZQqj1IvLNB2MKw1RKeX9WzMvNKMPHW5VmBGJtKA&sig=Cg0ArKJSzES3P6DsH17K&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

IPDME 2020 IOP Publishing
Journal of Physics: Conference Series 1753(2021) 012014  doi:10.1088/1742-6596/1753/1/012014

Power stabilization system for the regulated electric drive of
transport vehicles

O M Bolshunova, A A Korzhev and A M Vatlina

Saint-Petersburg Mining University, 2, 21 linia VV,@99106, Saint-Petersburg,
Russian Federation

E-mail: bolshunova.olga@mail.ru

Abstract. One of the important parameters of using the hyldrénansport system in mining
enterprises is considered. A method for regulatirgground pump drive and a computer
model of the drive power stabilization system ai@psed. The simulation was performed in
the Scilab program. The performance of the proposedel was checked. The results of
simulation with different values of the current @andjue are shown. The efficiency of the
proposed method for regulating the ground pumpeds\evaluated

1. Introduction

Many mining transport vehicles operate under slayalriable loads with limited power from a
primary energy source such as a heavy-duty dungk gliesel generator, battery, or power grid for a
mine electric locomotive [1, 2]. In such conditiprisis rational to implement a power stabilization
mode in the electric drive, in which the speedatétion of the drive motor shaft decreases with the
increase of the load. In the authors ' opiniongame operating mode would be advisable to use in
systems of controlled electric drive of slurry puamgsed in hydraulic transport systems at mining and
processing enterprises. When the concentratiomefpumped pulp changes, the load on the drive
increases in proportion to the increase in massv.flit leads to increased wear of the
electromechanical equipment of pumping stationstaral decrease in the efficiency of the hydraulic
transport system.

It is important to increase the energy intensityydtems for reducing production costs. The eguatio
of the energy intensity is [3]:

e= N = pmixglmix , (1)
qsol L 3610 sol CvoI
where N - pump output, kW;q., - productivity of the system of solid materialnsoper hour;L -

pipeline length, km;p . - density of the slurry, kg/in p_, - density of solid material, kgfng -
acceleration of gravity, meters per secohg, - specific pressure loss,, - volume concentration of

solid particles.

The formula shows the dependence. The pulp coratentrincreases above the nominal value, the
energy consumption of hydraulic transport increasgsificantly. In this case, the mechanical power
on the motor shaft exceeds the nominal value. [Eaids to increased heating of the engine and to a
decrease in its resource. Since it is not alwagsipte to ensure the stability of the pulp concitn,
it is proposed to limit the power consumed by thgiee by using a frequency-controlled electric
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drive. Its algorithm will generate an artificial ofenical characteristic close to the constant power
curve. In this case, when the load increases,pghedssetting will automatically decrease and the lo
on the drive motor is limited.

When the power is stabilized, this problem is adlstisolved, since when the pulp concentration
changes, the drive load changes simultaneouslychibads to an automatic change in the drive speed
and accordingly to a change in the mass flow rate.

2. Analytical studies of regulation

The power stabilization mode cannot be provided tlve entire load range. At low loads, the speed
of rotation of the engine shaft may exceed the ssitvie for the mechanical design of the engine and
mechanism, in particular, for their bearing un##$ [The maximum torque of the electric drive must
also be limited for reasons of limiting the perrnbtes drive current and mechanical forces. The
artificial mechanical characteristic must havefthren shown in figure 1.

Usually, in electric drive systems, when it is resagy to obtain a curve close to the constant power
curve, DC series-wound motors or universal colleatachines were used. In such motors, the field
winding is switched on in series with the armatwieding, which automatically reduces the field flow
when the load of the electric motor decreases rer@ases it when the load increases. The mechanical
characteristic is obtained automatically like astant power curve.

‘ (0, radians per second
speed limit

/ power stabilization
/ torgue [imit

» M, Nm

Figure 1. Artificial mechanical characteristics of an electrive with
power stabilization.

AC drives have significant advantages over DC drivEhey have the best mass-dimensional
characteristics, simple design, high reliabiligywer maintenance costs [5]. Usually they have id rig
natural mechanical characteristic far from the tamtspower curve, so the development of control
systems that provide the formation of artificialahanical characteristics is an urgent task (figite
This paper considers the formation of such a chearatic in an adjustable electric drive based on a
asynchronous electric motor with a vector contystam.

When vector control of the speed of an asynchroetdric motor in a coordinate system oriented
by the vector of the flow coupling of the rotoretblectromagnetic moment is equal to [6]:

M =2 pKrwrisq’ (2)
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where p- number of pairs of polesk. :ﬁ- a constant coefficient equal to the ratio of the

T

magnetization inductance to the rotor scatteringuatance;y - rotor flux linkage, Wbji, -

moment-forming component of the motor stator cutran

For special projections on the d and g axes, thatens take the form (3-8). For an engine with a
closed-loop rotor we used:

U, =0.
W, =,
As a result, we have the equations:
« =RA+T.9)l 4 — @ Ly —?wm, 3)
Uy =RU+T9), + gLy + K, patby, 4)
0=-K,Rig +Tiwrd +sW,, (%)
_KrRisq +(CUT< + p@wrd’ (6)
3 .

=§ pKrl//rlsq’ (7)
Jsw=M -M_. (8

Block diagrams (figures 2-5) answer the equatieB)(3
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Figure 2. Computer model of current computations
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Figure 3. Computer model of current computatiopsrotation speedv and torqueM .
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Figure 4. Computer model of rotation speed computations

Flow coupling is related to the engine parametgrarbequation in operator form:
T
W, =—" K Rig» 9
rd 1+TrS rRr sd

where T = Lt the constant time of the rotor circuit; R - reduced resistance of the rotor winding, Q;

iy, - flow-forming component of the stator current, A; s- Laplace operator.

There are two control channels in the vector corggstem. One channel stabilizes the flow
coupling of the rotor by stabilizing the flow formg component of the stator curregt  in accordance

with the expression (9). The second channel previgieeed control by affecting the moment forming
component of the stator curreigf.

Such control systems and their modeling in the raiogScilab are considered by the authors in the
[7, 8].

To obtain an artificial mechanical characteristizse to the constant power curve, it is proposed to
adjust the setting of the control loop of the fleavming component of the stator current in proporti
to the moment-forming component of the stator aurréhe flow coupling will change in proportion
to the drive load similar to what happens in a D€eteic drive based on a series-wound motor.

In addition to changing the setting of the flow wohloop, it is necessary to provide non-linear
delayed feedback on the speed of rotation and@mtiment-forming component of the stator current.
These feedbacks will correct the speed controéiémg) to limit the speed and load, respectivelye T
operation of these feedbacks can be described:

if X<X,, that

y=0, (10)
if X>X,, that

y=Kk, X, (11)

where X - the input signal from the sensor with limitedueg X. - the value ofX at which
delayed feedback is enabley: the output feedback signd;, - customizable feedback coefficient.

3. Computer model and result of smulation

A computer model of a controlled vector asynchranelectric drive system was developed, which
provides the formation of a curve that is closéh® constant power curve (figure 5). The model is
similar to the one given in [7-11], but it has adX for forming the flow coupling task in the furart

of the moment-forming component of the stator aureind blocks for limiting the speed and torque.
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The adjustment coefficients of these blocks weterdened by selection during experiments with a
computer model.

Final simulation

e Period = /1000
Current sensor 1d [ |
END |
<"F>>>[>d/i, 71 g
' <time
Current controller 1d ‘
I [ 1
> »—» FD
Liq KN‘—Aﬂ +
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Figure 5. Computer model of electric drive power stabilizatgystem.

A simulation was performed for starting the driteaalrag moment equal to a quarter of the rated
motor torqueM . = 025M , and for a sudden change in the drag moment tdua e M, =4M , .

Graphs of transition processes are shown in figuesnd figure 7. Straight lines show the nominal
values of the current and torque of the electrieedr
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Figure 6. The dependence of speed with increasing load.
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Figure 7. The dependence of torque with increasing load.

Based on the results of experiments, an artifiongichanical characteristic of the drive was
constructed (figure 8). The characteristic is simio the one shown in figure 1. This confirms the
efficiency of the proposed structure of the consyadtem.

+ + + t + + + + + + + + + +
s0 100 120 140 160 180 200 220 230 260 280 300 320 330

Figure 8. Artificial mechanical characteristics of the electirive.

4. Conclusion

As a result of simulation, it is shown that it zsgible to form an artificial mechanical charadtgriof

an AC regulated electric drive, which is close he tonstant power curve by changing the setting
value for the control loop of the flow-forming coonment of the stator current in the function of its

moment-forming component. The required speed anguéolimits of the drive are achieved by

introducing additional nonlinear delayed feedbaoksthe moment-forming component of the stator
current and rotor speed, which correct the driveedpsetting. The computer model shows the
efficiency of the control system.
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