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2. Dynamics of traction electromechanical complexes of mine electric locomotives with taking into account
operational factors

Pedepar:

1. Y nuceprauiiiziit po6oTi nocrasieHe, cGOpMYJIbOBaHE Ta BUPillleHe aKTyaJlbHe HayKOBe 3aBIaHHs PO3POOKU
TEOPETUYHUX T10JIOKEHD Ta IPAKTUYHUX PillleHb i3 MifBUIIeHHS €(PEKTUBHOCTI QYHKIIOHYBaHHS TSITOBUX
eJleKTpoMexaHiYHUX KomIsekciB (TEMK) pyIHUKOBUX TUMIB €71€EKTPOBO3iB LIJISIXOM 3MEHIIIEHHS PiBHS BILJIUBY
IAHAMIYHUX [IPOLIECIB y CTPYKTYPAX: «EJIEKTPOBO3 — BATOHETKW» 3 YPAXYBaHHSM €KCIJIyaTallilHUX YNHHUKIB
3ali30pyAHUX maxT. OGIPyHTOBaHA Ta OL[iHEHA Pi3HULS B aKTUBHIN ¢(asi pexxumMiB QyHKIiOHYBaHHS €JIEKTPOIOTITIB
B YMOBax 3aJli30pPyAHUX BUIB MIAXT Bill BYriJIbHUX. BCTAHOBJIEHO, IO TATOBi €JIEKTPOMEXaHIYHI KOMIIJIEKCU
PYIOHMKOBUX €JIEKTPOBO3iB bisbiie HiX 50% yacy HUKI0PYXy QYHKLIOHYIOTb Y HEYCTAJIEHUX PEXKUMAX.

[TigTBEepIKeHo, o HeycTaneHi pexxumu TEMK nos’s3ani 3 mpo6s1eMo0 BUHMKHEHHS JUHAMIYHUX IIPOLIECIB 5K B



camomy TEMK, Tak i B KOMIIJIEKCi «€JIEKTPOBO3 — BATOHETKUY, 1110 MOXXE CIIPUYMHSTHU IIPOLI€CU aBTOKOJIMBaHb y
CKJIQIOBUX €JIEKTPONOTAra. lle B MpakTulli eKCIIyaTtauii Ipu3BOAUTD N0 IPUCKOPEHOIO0 MEXaHIYHOTO 3HOCY
€JIEMEHTIB eJIEKTPOIIOTAra, 301/IbIIeHHS Yacy Ha 3aBaHTa)KEHHSI Ta PO3BaHTaKEHHSI BArOHETOK, i 0AATKOBUX
eHeprosarpar. JloBeieHO, 110 YCYHYTH Li HebakaHi (paKTOPHU B iCHYIOUMX BapiaHTaX CUCTEM KEPYBaHHS
€JIEKTPOIIOTSTiB HEMOKJIMBO. Y pOOOTi ITpOBeeHi aHAMITUYHI [OCTiIKeHHS, KOTPi JO3BOIUIN OL[iHUTH
CIIiBBiZJHOLIIEHHS PiBHIB KOJIMBaHb CKJIAJIOBUX €JIEKTPOIOTIriB Y QYHKIi MOXKJIMBUX BUJIB Aiarpam pyxy
€JIEKTPOIIOTATIB B yMOBAaX MiJI3eMHMAX BUPOOOK BITUM3HSIHUX 3a/1i30pyAHUX WaxT. Ha BigMiHy Bif, OCHOBHUX
TEOPETUYHUX TTOJIOXKEHD IIPO CKaJIIpHE KEPyBaHHS, 1o rependadae GOpMyBaHHS NOCTIHHOI
[IepEHAaBaHTaXXyBaJIbHOI MOXKJIMBOCTI IO MOMEHTY Ha BaJly TSTOBOTO IBUTYHA, BBELEHO HOBE TEOPETUYHE
TI0JIOKEHHS — MiIBUIIEHHS )KOPCTKOCTI IIBUIKICHOI XapaKTepUCTUKU B cucteMi: IGBT — nepeTBopioBay — TAroOBUMN
ACUHXPOHHMI [IBUTYH IIPU HAHU3bKMX 4aCTOTaxX 00€PTiB. 3alIpONIOHOBAHO ONTUMI3yBaTU MPOLEC MO3MLIOHYBaHHS
BarOHETOK I/l 3aBaHTAXXKEHHSI~PO3BAHTAXKEHHSI «M'IKUM yIaPHUM» CIIOCOOOM iX 3yNMHEHHS [TPU 000B'SI3KOBOMY
BHMKOHaHHI TEXHOJIOT{YHNUX 0OMEXKeHb — 3ar106iraHHsIM OYKCYBaHHS YU 103y KOJIiC [0 pelikax, 0OMe>XXeHHS PyHHIBHUX
CHWJI y 34ilTHUX 00J1alITyBaHHIX. KOMIIZIEKC MOeIbHUX AOCiIPKEHD 103BOJIUB BUSBUTH HOBI MOXKJIMBOCTI, KOTPi
MIOKJIaJIeHi B [IPOLIEC KOHCTPYIOBAHHS anroputMmy kepyBaHHS TEMK enexkTpoBo3y. OTpuMaHi pe3ysbTaTy 3HaANILIN

CBO€ MiATBEepIKEeHHS B X0 eKCIIepUMeHTaIbHUX JOCIiIP)KeHb Ha 1ab0paTOPHOMY CTEH[I.

2. In the manuscript the actual scientific task of the development of theoretical positions and practical decisions
for increasing the efficiency of traction electromechanical complex functioning of the mine types of electric
locomotives was formulated and solved by reducing the level of influence of dynamic processes in structures:
electric locomotives - trolleys taking into account operational factors of iron ore mines. The difference in the
active phase of modes of operation electric locomotives in the conditions of iron ore mines from coal is grounded
and estimated. It is determined that traction electromechanical complexes of electric locomotives more than 50%
of cycle time are functioning in unestablished modes. It is confirmed that non-steady modes of traction
electromechanical complexes are connected with the problem of occurrence of dynamic processes both in the
traction electromechanical complex itself, and in the complex of electric locomotive - trolley, which might bring
the processes of self-oscillations in the components of electric traction. In practice, this leads to acceleration of
mechanical wear of elements of underground mining transport, increasing the time for loading and unloading of
trolleys, and additional energy consumption. It is proved that elimination of these odious factors in the existing
variants of control systems for electric locomotives is impossible. In this scientific research, analytical studies have
been carried out that allow us to estimate the ratio of the oscillations levels of the components of electric
locomotives in the function of possible types of diagrams of movements of electric locomotives in conditions of
underground workings of domestic iron ore mines. In contrast to the basic theoretical provisions on scalar control,
introduced a new theoretical position - increased rigidity of the high-speed characteristics in the system: IGBT -
converter - traction asynchronous engine at extremely low, low and nominal speeds of the above mentioned. It is
proposed to optimize the process of positioning trolleys under loading-unloading by "shock” means of their
stopping under the obligatory performance of technological constraints - preventing the hitching of the wheels on
the rails, limiting the destructive forces in the coupling arrangements. The complex of model studies allowed to
reveal the new possibilities, which are laid in the process of designing the algorithm of control of traction
electromechanical complex of electric locomotive taking into account the range of sources of influence on this
process by the technology of dynamics of behavior of electric traction and its traction electromechanical complex
in conditions of functioning depending on types of underground mining workings. The presented results obtained
by experimental research on a research laboratory bench confirmed the similarity of the results of analytical and
model research with experimental ones. Scientific novelty of the obtained results: - for the first time, for the
traction complexes of contact mining locomotives, the defining influence of dynamic regimes on the behavior of
electric trains as a multivariate heterogeneous electro-mechanical system is shown and formalized, depending on
the type of underground mining of iron ore mines, in order to supplement the traffic control regulation with
means of minimizing unwanted oscillations, which enabled to increase the energy efficiency of operation transport
system as a whole; - for the first time it was proposed to evaluate the order of the mathematical model of the



system using the method of the coefficient diagram and it was established that for the synthesis of the
corresponding speed regulator of the control system of traction electromechanical complexes it is necessary to
consider the system as a system of third order; - the theory of synthesis of control systems for traction
electromechanical complexes containing a complicated structure of a mechanical part was further developed by
the use of a speed regulator which is installed in accordance with the poles of the transfer function of the dynamic
system obtained by identification with the combined use of the generalized and weighted least squares method, as
well diagrams of system coefficients: "electric locomotive - trolleys". The practical value of the results of the work
is that they allowed: - to develop and implement a methodology for carrying out experimental research on the
dynamics of the behaviour of electric locomotives in the conditions of iron ore mines; - to develop and
recommend for the implementation of the research of traction electromechanical complexes of mine electric
locomotives in the practice of electromechanical processes analysis; - to develop the tactics of forming a control
algorithm for traction electromechanical complex of mine electric locomotives with two axles; - to use the results
of research in the educational process.
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