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ADVANTAGES OF TEST AND FUNCTIONAL DIAGNOSTICS IN
TROUBLESHOOTING TRACTION ASYNCHRONOUS MOTORS OF
ELECTRIC LOCOMOTIVES

Abstract. The article is about the effectiveness of functional diagnostic methods than test
diagnostics in detecting faults of asynchronous motors of electric locomotives. Functional
diagnostic schemes and algorithms are also presented in the article.

Keywords: electric locomotive, traction asynchronous motor, diagnostic object, test
diagnostics, functional diagnostics
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IMPEMMYIIECTBA TECTOBOH U ®YHKIIMOHAJIBHOM
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ACHHXPOHHBIX JIBUTATEJIEM SJIEKTPOBO30B

AnHoTamusi. Cmamvs noceéawena 3@@exmuenocmu Mmemooos QYHKYUOHATbHOU
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ELEKTROVOZLARNING TORTISH ASENKRON MOTORLARINI
BARTARAF ETISHDA SINOV VA FUNKTSIONAL DIAGNOSTIKANING
AFZALLIKLARI

Annotatsiya. Magola elektrovozlarning asenkxron motorlaridagi nosozliklarni
aniglashda test diagnostikasidan tashgari funktsional diagnostika usullarining
samaradorligiga bag'ishlangan. Maqolada funktsional diagnostika sxemalari va
algoritmlari ham keltirilgan.

Tayanch so’zlar: yelektrovoz, tortuvchi asinxron motor, diagnostika ob’ekti, test
diagnostikasi, funktsional diagnostika.

Introduction

The increase in demand for modern electric locomotives is directly related to the
electrification of the tracks of “Uzbekistan Temir Yullari” JSC in recent years. Traction
asynchronous motors (TAM) of these electric locomotives are one of their main
components, and ensuring their constant maintenance is one of the most difficult tasks
facing the transport system today. Therefore, based on world experience, the introduction
of functional diagnostic systems that give us advance information about their technical
condition without disassembly THERE is one of the important factors in increasing the
economic efficiency of use [1].

Today, 498 installed traction asynchronous motors (TAM) are operated in 83 electric
locomotives running on electrified sections of the railways of our country. [1]. 20-25%,
I.e. 99-104, traction asynchronous motors of electric locomotives fail prematurely due to
the lack of diagnostics of the technical condition [2].

There is a need to diagnose the condition TAM during operation (functional
diagnostics). Detection of defects TAM at the initial stage of their operation prevents a
sudden stop TAM as a result of an accident, reduces repair costs TAM and prevents a
reduction in their service life [1].

Analysis and results

Failures of elements and parts of an asynchronous motor are distributed as follows
[3]: - bearing damage - 41%; - qg.t.s in the stator windings, 27%; - other stator damage,
10%; -rotor damage, 10%; -other injuries, 12%.

The main task of technical diagnostics is to identify and report defects and
malfunctions in the elements and parts of the controlled technical facility, to ensure that
its performance indicators comply with established standards, to predict its technical
condition in order to more fully utilize the resources of the technical facility [4].

Functional diagnostic parameters include the parameters of the object analyzed
during diagnosis, information about its condition and can be divided into three groups:
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— functional parameters characterizing the operating processes of the equipment
(shock load, voltage, cycle duration, fluid pressure in the hydraulic system, acceleration
or deceleration time, specific energy consumption, etc.);

— design parameters directly characterizing the condition of components and
assemblies (gaps in kinematic pairs, coordinates of the state of elements, imbalances of
rotating shafts, corrosion damage, etc.);

— parameters of the corresponding processes (temperature, vibration, acoustic
signals, noise level and spectrum, content of dissolved elements in oil, processing errors)
[5].

Modern systems and methods of diagnostics of asynchronous motors can be divided
into two groups. The first group includes test diagnostic methods (Fig. 1). [4].

Work effects
Test effects
Diagnostic tool Diagnostic Diagnostic tool Diagnostic
object object
answers answers
Diagnostic results Diagnostic results
@ Figure

1. Systems for diagnosing the technical condition of an object: a) test diagnostic
method; b) functional diagnostic method

In this method, the insulation resistance DO, currents, internal resistance of the
circuit, the tangent angle of the dielectric loss angle of the circuit, etc. are measured. One
of the main disadvantages of test diagnostic methods is the need to temporarily suspend
their operation for the time of diagnosis DO. Such diagnostics not only prevents the
development of various defects, but also leads to their occurrence. For example, during
scheduled maintenance of TAMs, after complete assembly, TAMs are subjected to high
voltage tests, which have a detrimental effect on the insulation of the machineThis leads
to the appearance of microdefects in its circuit, which develop during the operation of the
TAM under the influence of low-quality electricity, overloads, frequent starts and stops.
During scheduled maintenance, the number of defects increases with each high voltage
test. Each disassembly and reassembly of the electric motor increases the number of
microdefects in it, which can eventually lead to an emergency failure of the TAM [6].

Discussions

Currently, the following methods of functional diagnostics of asynchronous motors
are known:

— individual elements of the unit based on vibration analysis;

— analysis of acoustic vibrations transmitted by a working machine;

— on measuring and analyzing the magnetic flux in the engine and external magnetic
field space;

— on measuring and analyzing the temperature of individual machine elements;
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—diagnosis of mechanical components (in particular, bearings) based on the analysis
of iron content in oil;

— based on the analysis of electrical parameters of the machine;

— diagnosis of insulation condition.

EE
r— [ 1
| | |
| —» TS |
| |
Y2 y ¥ V1 | ¢ |
—»| CD | : >DO<—:
x4 NI
o |
|

Figure 2. Functional scheme of the diagnostic system: DO — diagnostic object, DT —
diagnostic tool, TS — technical services, CO — control object, CD — control device, EE — external
environment.

In most cases, test diagnostics are carried out during scheduled preventive
maintenance and testing periods [7]. The share of planned and preventive measures
carried out unnecessarily is at least 50%, and the frequency of failures practically does
not decrease [8].

Functional diagnostic methods (FDM) belong to the second group of technical
diagnostics (Fig. 1, b) [9]. In this method, the DO is not disconnected from the network
and is subjected to constant operating influences (for example, the nominal voltage from
the electric power network to the TAM input, i.e., to its stator coil), and the technological
process continues at a steady pace. In this case, according to the results of diagnostics,
maintenance and repair of TAMs is carried out only when necessary [10].

The essence of technical diagnostics is to evaluate and predict the technical
condition of the object based on the results of direct or indirect measurements (diagnostic
parametersAt the same time, the diagnostic parameter itself does not yet evaluate the
technical condition of the object. In order to determine the state of an object, it is
necessary to know not only the fact values, but also the corresponding corresponding
reference values. The difference between the actual 6, and standard ©,,, values of the
diagnostic parameters is called the diagnostic symptom A [11].

A=0,,- Oy 1)
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Thus, the assessment of the technical condition of the object is determined by the
deviation of the fact values of its parameters from the standard values. Any system of
technical diagnostics works according to the principle of deviation (Salisbury principle).
The degree of reliability and quality of diagnostics is determined by the error in
which the magnitude of the diagnostic symptoms is estimated. The functional scheme of
technical diagnostics is shown in Figure 3.

External influences

4
Object
4 4
Measuring device Measuring device
\4
Mathematical model
¥ Oom v
Reference values Fact values
Diagnostic
symptoms
Az@am_ 9(/)

) no
defective @

yes

correct

Figure 3. Algorithm of the functional scheme of technical diagnostics

The reference value shows what value a well-tuned mechanism would have under
the same load and the same external conditions. The mathematical model of the diagnostic
object is represented by a set of formulas, which are the reference values of all diagnostic
parameters. In each formula, the loading conditions of the object and the most important
parameters of the external environment should be taken into account. Measuring
equipment is often used not only to measure the diagnostic signal, but also to evaluate
external effects.

Conclusion

The use of functional diagnostic methods for traction asynchronous motors of
electric locomotives is effective because it is possible to carry out continuous diagnostic
work and to use several methods together and get a reliable result.
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XypMmatiu xamkacaoanap “Al-Ferganus” nampuéru Ba “Xalqaro nazariy va
amaliy tadqiqotlar jurnali” >JeKTpoH :KypHanu Y36eKHCTOH TAbJNM XH3MATIAPH
0o3opuaa Y3MHUHT (Ao uATHHHA OONLIATAHIUTHHA MabJIyM KHJIAMH3.

Axoiin0 WMKOHMATAAH CuU3 OWpuUHUMIAp Karopuaa Gdoiaananud HIMHA
HalIPJIAPUHTU3HUA YOI STUIIMHTU3 MYMKHH.

“Al-Ferganus” wnampuérumu3 ToMoHugaH Cu3 TakauM 3TraH JapciidK, VKYB
KyJnnanMa, MoHorpadus Ba wimuil puconanapra ISBN, Doi xankapo pakamiin
uaeH(UKaTOpIapHU OUPUKTUPHIN, YIAPHUHT OJICKTPOH 3aMOHABUU aHJA03a/aru
MyKOBajap Ba HWUUIAHMAJIAPHUHT B3JEKTPOH MAKETHHM SIPATHIL, HAMPUETIA IBJIOH
KWIMHTAaH WIUIAPHU DJIEKTPOH axOopoT Hampiapuja >KOHUIAIITUPHUIN XU3MATJIapu
KypCaTuiIau.

busHuHr HaIPUETUMUZHUHT OOIIKA HAIPUETIapAaH (apKu IIyHAAKH, TE3KOP Ba
cudaram Xu3MarT KypcaraMu3 Xamjia SHr acocuiich O0u3 CH3HHUHT HIIJIAPUHTU3HU
Ammmep HaBouii Homuaaru V36exucron Mummii KyTyOxoHacu Ba Poccust Mummii
KyTyOXxoHacu (poHuiapura Oemyl Koiiamra nyHUuHrAeK, Poccust uamuii uKTHOOCIHK
nanexcu (PUHIL Ba E — library) mmardopmacura, CrossRef Gazamapura maptHOMa
acocuJa KOWIAIITHPHUILITA KyMaKIalaMus.

“Xalgaro nazariy va amaliy tadqiqotlar jurnali” ISSN 2181-2357 snexktpon
KypHATH XaM V3 (DAaoNMATHHM GONIIAMOKAA. BH3HMHT KypHanga Y30eKHCTOH
PecniyOommkacu Onuii aTTecTarus KOMUCCUSICHHUHT KyWHIard HXTUCOCTUKIapu (hr3nKa-
MaTeMaTuka, KUME, OMOJIOTHS, TeOJOTUsI-MUHEPATIOTHS, TEXHUKA, KHUIJIOK XYXKaJIHUTH,
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Tapux, UKTUCOAUET, dancada, ¢uomorus, reorpadus, IOpUIUK, IeAaroruka, THOOUET
CaHbATUIYHOCIHUK, aPXUTEKTYpPa, ICHXOJIOTHs, COLIMOIOTH (Qannapu Oyiinya MIJIIHA Ba
XOpHKUN  MyarnmudaapHUHT  (QaHjgapAaH dSpUIITaH OTYKJIApW Ba HCTUKOOILIapu
Oopacugard WIMHI Makojanapu, WIMHA TaIKUKOTIAp oJu0O OOpaéTraH OJMMIIAPHUHT
WIMHK W3JIaHUILIAPH HATHOKAJapy 3bJIOH KHJIMHAIHW. DJEKTPOH JKypHATI Xap oijga oup
MapTa YbJIOH KHUJIUHAIH.

XKypHannapaa 9b10H KMIMHAAUTAH Xap Oup Makojara maptHoma acocuga DOI
(Crossref) pakamu Oepuiaam.

HIyHUHTACK, TAXPUPUAT TOMOHHIAH:

e MakoJaJapHu cU(pATIN Tap>KUMa KUJIHIILL

® MakoJIAJJAPHU TaXpHUpJIall Ba KypHaUiap Tajabura MOCIIAI;

e MakoJajapra WIIjioB OepHIl;

® MakoJIaJApHU TJIaruaTra TeKIINPHUII;

o xopwxkaaru Hydy3mu (Scopus, Web of sciences Ba FoKOpr UMIIAKT (HaKTOPIIH )
KypHaJIapa MaKkoJJIapHU CU(aTIIA Ba UIIOHWIN YOI STUIITa KYyMaKTaIyIII
XU3MATIIAPUHU XaM KypcaTaju.

NmkonusitHu 00ii 0epud KyimaHnr!
Kyiiugaru MmaH3ujjiapra Mypo:kaaT KHJIMHT
DuekTpoH moura mamsuwim: Alferganus.ltd@gmail.com
Teaerpamm mansuwmmus : @Alferganus_ltd
Tenedonnap: (97) 100-38-88

(91) 109-05-38

(97) 337-86-00
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VBaxkaemple kojutern! CooOmjaeM Bam, 4YTO M3JaTENbCKUH 10M  «AL-
FARGANUS» u “Xalqaro nazariy va amaliy tadqiqotlar jurnali”- “MexyHapoHbIi
KYpHJI TEOPETUUECKUX Y MPUKIIAAHBIX UCCIICIOBAHUIN HaYalld CBOIO JICSITEILHOCTh HA
pBIHKE 00pa30BaTENbHBIX YCIYT Y30eKHuCcTaHa.

DTO NpekpacHas BO3MOKHOCTh OJIHUM M3 MEPBBIX OMyOJUKOBATh CBOM HAy4YHbIC
nyomukaruu. Hame wzmatensctBo «AL-FARGANUS» mnpenocrtaBisieT yciayrd 1o
MPUKPEIUVICHUIO MEXAYHApOAHBIX HHUGPoBbIX uaeHTupukaropoB ISBN, Doi k
yueOHHMKaM, y4eOHbIM MOCOOHSIM, MOHOrpadusM U Hay4YHbIM OpOIIIOpaM, CO3AAHHIO
AJIEKTPOHHBIX MaKETOB MX OO0JIOXKEK M IU3aifHOB B COBPEMEHHOM AJIIEKTPOHHOU (dopme,
pa3MENIeHUIO OMMyOJIUKOBAaHHBIX pa0OT B JIEKTPOHHBIE ITyOJIMKAIIUU.

Otnuuue Hamero W3JaTelbCcTBa OT JPYTMX U3JIaTeIbCTB B TOM, YTO MBI
IPeIOCTaBIIsieM OBICTPhIE M KaUYeCTBEHHbIE YCIIYTH, a TJIaBHOE, OECIUIaTHO pa3MeniaeM
Bam pabotel B HammonanpHoil OuOmmoreke Y3Oekucrana um. Anumepa HaBou u
OKa3bIBa€M ITOMOIIbL B pa3MEIICHHH Balied padoTel B Poccuiickoil HalMOHAIBHOM
OoubmmoTeke, a Takke Ha miatdgopme Poccuilckoro MHAEKca HAyYHOTrO LUTUPOBAHUS
(PUHII, e-library) o6seruuth pasmerieHue.

CoBmecTHO ¢ DepraHcKkuM MOIUTEXHUYECKHUM HHCTUTYTOM 3aIllylI€H ITPOEKT
ANIEKTPOHHOI'0 HAay4yHOro xypHaia «Xalqaro nazariy va amaliy tadqiqotlar jurnali —
International Journal of Theoretical and Practical Research. MexmyHapoaHblii skypHai
TEOPETUUYECKUX U MPUKIIATHBIX UCCIETOBAHUIN.

Muccuss Hay4dyHOro OSJICKTPOHHOTO JKypHalla HalpaBlieHa Ha PpPa3BUTHE
HallMOHAJIBHOU U 3apy0exHON Hayku, oOecrieueHrue oOIIe0CTYITHOCTU TEOPETUUECKUX
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MO3UIUN H MMPAKTHYCCKUX PC3YJIbTATOB IIPUKIIAIHBIX ncciaenoBanui. B KypHaJIC

MPEJICTABIICHBl CIEAYIOIIME CHEUUAIBHOCTA BpICIIEH AaTTEeCTallMOHHOM KOMHUCCUU
Pecniybnuku Y30ekucradn mo (u3uKe U MaTeMaTHKE, XMMUHU, OWOJIOTHUH, T€OJOTHH M
MUHEPAJIOTUHU, TEXHUKE, CEIbCKOMY XO3SUCTBY, HMCTOPUHU, dKOHOMUKE, (uiiocodun,
¢bunomornn, reorpaduu, NpaBy, MEJATOTUKE, MEIUIIMHE, apXUTEKTYype, MCHXOJIOTHS,
couuonorud. JKypHan myOJMKyeT HaydyHbIe CTaTbU OTEUYECTBEHHBIX M 3apyOeKHBIX
aBTOPOB O JIOCTHIKECHUSIX U MEPCHEKTUBAX HAYKH, PE3yJIbTaTax HAYYHBIX UCCIETOBAHUM
YYEHBIX, MPOBOJSIIMX HMCCIEAOBAaHUA. DJEKTPOHHBIN KypHaJl WM3JAae€Tcs OAWH pa3 B
MECHILI.

Kaxmoii crartbe, OMyONMKOBAaHHOW B J>KypHalle, Ha KOHTPAKTHOH OCHOBE
npucBauBaercs Homep DOI (Crossref).

Takke U31aTeIbCTBO OKA3bIBACT YCIYTH MO:

* KQUECTBCHHBIN MEPEBOJI CTATEM;

* peIaKTUPOBAHUE CTATEH U alanTaius K TpeOOBaHUAM KypHAJIa;

* 00paboTKa cTaTeil;

* MpoOBepKa HayyHbIX paboT (cTtareil, y4yeOHBIX mOCOOM, MOHOrpadui,
JYCCepTaluii U JIp.) Ha TIaruar crarei;

* OKa3bIBaeT HHPOPMALIMOHHOE OOecreyeHne MyOoIuKaIuil cTaTell B MPECTUKHBIX
3apyOexHbIX KypHanax (Scopus, Web of Sciences u »*ypHajlax ¢ BBICOKMM HMITIAKT-
bakTopom).

He ynyckaiiTe BO3MOKHOCTD!

IHoxanyiicra, CBAKMTECH C HAMU:

OuekTpoHHbIii aapec: Alferganus.ltd@gmail.com

Ham aapec B Teserpamm: @Alferganus_Itd

Tenedonsr: (97) 100-38-88

(91) 109-05-38
(97) 337-86-00
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