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Cucrema B3a€MHOI0 HABAHTAKEHHS JONMOMIKHHMX eJIeKTPUYHUX MAIIUH
3 MOKPUTTSAM BTPAT BiJ JKepes1 MeXaHIYHOI IOTYKHOCTI

Merta. [linBuieHHs piBHS O€3MeKH, 3HWKEHHSI COOIBAPTOCTI YTPUMAaHHS PYXOMOTO CKJIay Ha ChOTOJIHI € aKTy-
aJNBHOIO TPO0OJIeMOr0 3alTi3HULL YKpaiHu. HasBHI cTeHAM 3 BUIPOOYBaHHS JOMOMDKHUX MAIMH, SIK IPaBUiIo, Mo0y-
JIOBaHi 3a CXeMOI0 3 Oe3IocepeIHiM HaBaHTKEHHSM BHIIPOOYBaHOI €JEKTPUYHOT MAIMHU 1 HE BIINOBINAIOTH Cy-
YacCHUM BUMOTaM IIOJO SIKOCTI Ta eHeproe()eKTHBHOCTI MPOBEJICHHS! BUMPOOYBaHb. Y 3B’s3KYy 3 LIMM BHHUKa€e HE0O-
XiHICTh MPOEKTYBAaHHS €HEProe(EeKTHBHUX CTEHIIB i3 BUIPOOYBAaHHS JONMOMDKHUX MAalIMH €JIEKTPOPYXOMOTO
ckinany. Meroguka. /it NOCSITHEHHSI METH BUKOPHCTAHO aHATITUYHHIA METOA JOCITIJDKEHHs, BU3HAYCHHS ONTHMa-
JBHOI CTPYKTYpH CTeHza. Y poOOTi pO3rISHYTO AiarpaMmy OajlaHCy HAIpyT y CHCTEMi B3a€EMHOTO HAaBaHTA)KCHHS.
OxpeMo HaBEAECHO PO3PAXyHKH, HA OCHOBI SIKMX ITOOYJOBaHO PO3PaXyHKOBI CXEMH EIEKTPUYHOI Ta MEXaHIYHOI Jac-
THUHM CTEH/IA, 3a JOTIOMOTOI0 X PO3PaxXyHKOBHX CXEM BH3HAYCHO YMOBH ITOKPHUTTS BCiX BTPAT Y CHCTEMi B3aEMHOTO
HaBaHTAKEHHs. Pe3ysabTaTu. Y XoXi MpoBEACHUX NOCIHIIKEHb OYJIO OTPUMAHO PIBHSHHS OallaHCy MOTY>XKHOCTEH
y CHCTEeMi B3a€MHOTO HaBaHTaXEHHs. Ha OCHOBI CKJIafieHUX PiBHAHD MOOYIOBAaHO MOJIENb CHCTEMH B3a€MHOTO Ha-
BaHTA)XEHHA 3 HOKPHUTTAM YCIX BTpaT BiJ OJHOTO JKepesa MEeXaHI9HOi noTyHocTi. OCHOBHOIO IIEPEBAror po3po-
01eHO1 Mozeli € Te, 110 BOHAa MOXKe OyTH peaji3oBaHa SIK METOJOM YHCIOBHUX PO3PaxXyHKIB 3a CKIAAE€HUMH CHUCTE-
MaMM pIBHSIHb, TaK 1 3a JOIIOMOTOI0 00’€KTHO-OPI€EHTOBAHOI'O IPOrpaMyBaHHS Y CIIELialli30BaHUX MPOrPAMHHUX
komIuiekcax. HaykoBa HoBM3HA. 3anpOIIOHOBAHO PAlliOHATIBHY CXEMY BUNPOOYBaHHS AOMOMIKHHMX MAalIMH i3 HOK-
PHUTTSIM BTpaT Bijl OJTHOTO JPKepeia MeXaHIuHOT MOTY>KHOCTI. BUKOpPHUCTaHHSI OJTHOTO JKepelia MOTYKHOCTI JT03BOJISE
3HAYHO 3MEHIIHUTH JOJIATKOBE CIIOKUBAHHS €JIESKTPHUYHOI eHepril 3a paxyHOK OuIblIl €()eKTUBHOTO BHUKOPUCTAHHS
JIOTIOMDKHOTO 00JIaHAaHHs, 30KpeMa Jpkepena MexaHiuHoi noryxHocTi. IIpakTtuuna 3Haummicts. Ha ocHoOBI
OTPUMaHUX PE3YJIbTATIB MOXXHA BU3HAYUTH IapaMEeTpH CXEMH 3 BHUIIPOOYBaHHS JONOMDKHHX MallMH Ha cTajil
MIPOEKTYBAHHS CTEH/A. YTIPOBA/DKEHHS PE3yJIbTATIB JIOCIIHKEHHS Ha MiIIPHEMCTBAX 3 PEMOHTY JOINOMDKHHX Ma-
IIMH JIO3BOJINTH 3HU3UTH BUTPATH €JICKTPOCHEPTii Ha MPOBEACHHS ITICISIPEMOHTHUX BHUIIPOOYBaHb 3a PAXyHOK BH-
101 €HepreTHYHOI ePEeKTUBHOCTI CXEeMU BUITPOOYBaHb.

Kniouosi cnosa: BunpoOyBaHHS; B3a€MHE HaBaHTa)XEHHS; JONIOMIKHI MaIllMHK; CXeMa 3aMilIeHHs; €HepreTHIHA
e(eKTUBHICTh; MaTeMaTH4Ha MOJIEIb

IIMHAMH TIOCTIHHOTO CTpyMy. SIK BiJloMO, 1l TUI
Beryn SJIEKTPUYHHUX MAIllUH Ma€ BiJIHOCHO HU3bKIi MMOKa3-
HUKHA HajiiHOCTI. lle moB’s3aHO 3 KOHCTPYKTHB-
HUMH OCOOJMBOCTAMHM TakuxX MamuH. HasBHiCTH
IIITKOBO-KOJIEKTOPHOTO By3JIa SIK HAWMEHIN HaJlii-
HOTO BY3Jla B KOHCTPYKILIi, 3HAYHUX BiOpaliitHuX
HABaHTAXXEHb, KOJIMBaHb PiBHS HAPYTH B >KUBUJIb-
Hill Mepexi MPU3BOJIUTH JI0 aBapiiHUX BUXOIIB i3
JIay TOTIOMDKHHX €JICKTPOMAIITHH.

[ligBuienHs piBHsS O€3MeKW Ha TPaHCIOPTI,
a TakoX e(eKTUBHOCTI POOOTH TPAaHCIOPTHOI ra-
Jy3i € OIHUM 13 npiopuTeTHUX HanpsmiB Hamiona-
JBHOT TpaHCIOpTHOI crparerii Ykpainu [5, 6]. Ha
ChOTO/IHI B 1HBEHTQpHOMY MapKy TATOBOTO PyXO-
MOTO CKJIaJy 3aJi3HHLb NEPEBaKAIOTh JIOKOMOTHU-
B 1 MBPC i3 KOJEKTOpHHMH JIOTIOMDKHHUMHU Ma-
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Kinpkicte HemranoBux pemoHTiB MBPC, BH-
KIMKaHUX BHUXOAOM i3 Jlaly AOTOMDKHUX MAIlUH
mpotsirom 2008-2012 pokiB, ckmanae 2,034 % Bix
3arajbHOI KiTbKOCTI IO3aIlIaHOBUX peMOHTIB [3].
3a Takux OOCTaBMH OTPHUMATH BHCOKHH PiBCHBb
e(eKTHBHOCTI pOOOTH 3aTi3HUYHOI rany3i IpaKkTH-
YHO HEMOXKITUBO.

OmauM 13 MOXKJIMBUX BapiaHTIB IIiABHITICHHS
HaJIMHOCTI poOOTH TOMOMIKHHX MAIlIUH € BIIPO-
Ba/UKCHHS Cy4YaCHHMX CTEHJIB i3 BHIIPOOYBaHHS
EIeKTPUYHAX MAIllMH PYyXOMOTO CKJIany. 3TiIHO
3 YMHHUMH HOPMATHBHHMHU JOKYMEHTamu [2, 4],
KO)KHA BiPDEMOHTOBaHA EJIEKTPUYHA MalllnHa
000B’SI3KOBO Ma€ TPOUTH TPUAMaTHHO-3/1aBaIbHI
BuripoOyBanHs. [lo mporpamu BuUNpoOyBaHb ycCix
KOJICKTOPHHUX MAIIIMH, K TATOBHX, TaK 1 JTOMOMIX-
HUX, BXOJUTh BUNPOOYBaHHs Ha HarpiBaHHs. J{ms
TATOBUX CICKTPUYHUX MAIIMH BiZIOMi Ta IIMPOKO
PO3TMOBCIOKEHI JIBI OCHOBHI CXeMHU BUIIPOOYyBaH-
HSl 32 METOJOM B3a€EMHOTO HAaBaHTaKEHHs: cXema
3 MOCIIJIOBHO-TIAPATICIBFHUM 3’ €THAHHAM JDKEpe
MOTY)KHOCTI Ta CXeMa 3 MEXaHIYHUM TOKPHTTIM
BTpart xoyocToro xony [1, 8, 11].

BunpoOyBaHHs Ha HarpiBaHHS JOIOMDKHHX
MaIlliH 3/Ie0UTBIIOr0 MPOBOISTH METOIOM Oe3ITo-
CepeIHLOTO HaBaHTKEHHS 0e3 MOBEPHEHHS eJIeK-
TpUYHOT eHeprii 7o mepexi. Lle moscHIoeThCS BiJl-
HOCHOIO TIPOCTOTOK)  BHUIPOOYBaJIbHOT CXEMH,
a TaKOX JIOCTaTHHO HU3BKOIO MOTY)KHICTIO €JIeKT-
puuHNx MamuH. ChOTOJIHI, KOJIM BapTiCTh €JIEKT-
pOEHeprii Ay BCiX CHOXKUBadiB, a OCOOIUBO ISt
MPOMHUCIIOBHUX, i3 KOXXHUM POKOM 3pOCTa€, aKTya-
JBHOIO € Tipo0sieMa 3MEHIICHHS! BUTPAT eJeKTpoe-
Heprii Ha BunpoOyBaHHS. [[pOro MoxHa AOCATTH
NUISAXOM YIPOBA/DKCHHS CHUCTEMH B3a€MHOTO Ha-
BaHTAXXEHHS TMiJl Yac BUIPOOYBaHHs JOMOMIXHHX
mamus [9, 10].

Meta

OCHOBHOIO METOFO ITLOTO JIOCIIPKEHHS € BHOIp
ONTUMAJIBHOT CXEMHU BUIPOOYBaHHS 3 MaKCHUMaJlb-
HOI0 CHEPreTHYHOK eQeKTUBHICTIO. JloCIrTH 1hO-
0 MOXJIMBO IUISXOM MaTeMaTHYHOTO MOJIEITIO-
BaHHS CXEMHU BHIIPOOYBaHHsA. MoOJEIIOBaHHS J0-
3BOJISIE TPOBECTH AaHAJI3 JIOCHIHKYBAHOI CXEMHU
LUISIXOM PO3B’SI3KY CHCTEMH IU(EpeHLIHHUX piB-
HsIHb, 100 BM3HAYMTH il OCHOBHI MapamMeTpH Ta
ONTHUMI3yBaTH 3 HaWMEHIIUMH MaTepialbHUMH
BUTpaTaMH, OCKUIBKU HA €Tali MPOEKTyBaHHS He-
Ma€e HeoOXiTHOCTI B mMOOYZOBI caMoi CXeMH BH-

mpoOyBaHb. TakoX MOJAETIOBAHHS CHpHUSE MiABH-
LICHHIO $IKOCTI caMUX BUIPOOyBaHb, OCKUIBKH
BiJllIaZIa€ HEOOXIAHICTh MaTH «ETAJIOHHY» CJICKT-
PUYHY MAIlUHY, pPe3yabTaTH BUIPOOYBaHb MOXKHA
MOPIBHSTH 3 PO3PaXOBAaHUMU JIAHHMHU.

Metoauka

CxeMy CHUCTEMU B3a€MHOT'O HABAHTAXKCHHS JIO-
MIOMDKHUAX €NEKTPOMAIIMH 13 TMOKPHUTTAM yCix
BTpaT JKEpen MEXaHIYHOI MOTYKHOCTI HaBEJCHO
Ha puc. 1.
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Puc. 1. Cxema BUnpoOHOTO CTeH A
Fig. 1. Diagram of the test bench

OOMoTKH siKOpiB Ta 30yMKEeHHS ABUryHa M
i reneparopa G 3’€aHaHI TOCTIIOBHO B 3aMKHYTO-
My Koyii. Bamu enekrpomammH 3’€IHaHI MiXK
co0or0 dYepe3 BapiaTop B 1 JDKEpeao MeXaHIYHOT
notyxHocTi kM. Takum mxepenom Moxke OyTu
JIBUTYH TIOCTIHOTO CTpyMy HE3aJICkKHOTO 30Yy-
JOKCHHs a00 aCMHXPOHHMI JBUTYH, 4acTOTa 00ep-
TaHHA SIKOTO MOX€ PEryJIIOBaTHCS B IIMPOKHX Me-
xKax.

Hxepeno nanpyru xH B il cucremi HeoO-
XigHe U 3a0e3nedeHHs] caMo30yKeHHS TeHepa-
topa G. Konrakt K y cxemi 3amuKaeTbcs TibHA
HA Yac 3aIycKy CXEMH, a B PEKUMI BUIPOOYBaHHSI
PO3IMKHYTHH.

Hiarpamy, sika xapakTepusye OallaHC HamNpyrH
B KON 3aJeKHO Bil CTPyMy HaBaHTa)XXCHHS,
HaBEIICHO Ha puC. 2.
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Puc. 2. [liarpama 6anaHcy HanpyT
Fig. 2. Diagram of voltage balance

XapaKTepUCTUKU KEPYBAJIBHUX IapaMeTpiB,
sKi 3a0€3MEeUy0Th PEXKUM B3a€EMHOIO HaBaHTa-
KCHHS:

K, >1;
M,.>0,

ne K, — koedimieHT nepenadi KyToBOI IBUIKOCTI
BapiaTopa B, sikuif MOo)KHA BH3HAYNTH TaK:

Ko =—, D)

J€ ., — KyTOBa IIBUJKICTb I'€HEPATOpa; ®, —

KyTOBa IIBUJIKICTh IBUTYHA.
CxeMy 3aMIIIIEHHS €JIEKTPUYHOI0 KOJia CHCTEM
B3aeMHOT0 HaBautaxents (BH) naBeneno Ha puc. 3.
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Puc. 3. Cxema 3aMillleHHsI €JIEKTPUYHOTO KOHTYPY
Fig. 3. Electrical circuit replacement scheme

E. p. C. reHeparopa Ta ABHUI'YHAa BU3HAYACIOTH
TaKMM YHMHaM:

E . =cO o, ;
E;l =cd,m, .
PiBHSIHHA qUHAMIYHOI PIBHOBAru JUisl €IEKTPH-

YHHUX KT CHCTEMHM, CXE€Ma 3aMIIIeHHs SKOI HaBe-
JieHa Ha puC. 3, MAaTUME BUTJISI:

. di
AE=>» R-I+) L—, 2
2R L 2)
ne AE — HebamaHCHa €. p. C. CIIEKTPOMAIIWH,
ZR — CyMapHWi aKTHBHHUH OMIp KOIa; ZL —

CyMapHa IHIYKTHBHICTh Koia. Bu3HaudaroTe ix
TaK:

AE=E, —E,;

ZR:Rﬂr+RM+Rw+R :

031 !
DL=L,+L, +L, +L,.
Hebanancha e. p. c. Mmoxke OyTH mojaHa y BU-
TJIsaal;
AE =c® o, —cD o,.
SIKI110 B3SITH, 10 B HOPMAIBHOMY PEKUMI
O =P =D,
BHpa3 11 AE mMaTume BUTIIA:
AE = cdD(cor —mﬂ) .
3 ypaxyBanHsaM Bupasy (1) nns K, Bupas ans
AE MOXHa NEepeTBOPUTH TAKUM YHHOM:

AE =c®o, (K, —1) 3)

Ha puc. 4 HaBeZieHO cXeMy MEXaHIYHOI YacTH-
HU CUCTEMHU B3a€EMHOT'O HABAHTAKECHHS.

AM, M. AM,
TBHO
M, M, o, O,

Puc. 4. Cxema MexaHIYHOI YaCTHHM CTEHIA
Fig. 4. Scheme of the mechanical part of the stand

EnexrpomarHiTHi MOMEHTH JIBUTYHA i TeHepa-
TOpa BH3HAYAIOTH 32 BUPa3aMH:

M, =c®i,;
M, =cd,i.
3 ypaxyBaHHAM y3ATOTO TPHUITYIIEHHS

D =D =D,
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OTpumaemo:.

M, =M_=cdi. (@)

PiBHsIHHS qUHAMIYHOI PIBHOBAru JjIs MEXaHid-
HOI YaCTUHU CUCTEMH B3a€EMHOI'O HaBaHTAXEHHS
Ma€ BUTIIA;

M, +M_ =KM_ +AM +
ne AM, i AM_ —MoMmeHTH omopy, 00yMOBJIEHi
BTpaTaMH XOJIOCTOTO XOAy B [JBUTYHI Ta

TeHepaTopi BiIOBITHO; Z J — cymapHuit MOMEHT

iHepIii CHCTEeMH, IPUBEICHOT 0 BAJIy IBUT'YHA.
J1nist CIpOIIeHHSI aHAITi3Y MPUITYCTHMO:

AM, =AM, =AM .

O6’eanapmu Bupazu (2) i (5), orpumaemo
cucreMy aAudepeHIiaTbHuX piBHﬂHL:

)= R: |+ZJ (6)
ZJ 22 (7)

B ycranenomy pexumi g cucrema Ha6yBae

cd)oa

M, =c®i(K, —1)+AM (1+K,)

BUTIIAAY:
cDo, ( )= R-i; (8)
MM:ctbl(Km—l)+AM (1+K,). )
[loMHOXMBIIKM JIIBYy Ta TpaBy YacTUHH

piBHsHHs (8) Ha 7, a JNiBy Ta MNpaBy YacTUHH
piBHsHHA (9) Ha O, , MCJIA MEPETBOPEHD Ta 3aMiHM

MO3HAYOK OTPHMAEMO PIBHAHHS OallaHCy IMOTYX-
HOCTEH y BUTIISIII:

PeM;l ZA en?

P.=P (Km —ZI.)JrAPxx (1+ Km),

UK em]

(10)
(&

e PM

JxM; AP,

KTPUYHOL

- HOTy)KHiCTI) MEXaHIYHOTO JoKepeiia
— BTpaTu XOJOCTOI'O0 XO4y O,Z[Hi€'1' CJIc-

MAaIluHY; P, . — enekrpomarHiTHa

ema

MOTYXHICTh JIBUT'YHA, SIKY BCTAHOBIIFOEMO TaK:

P =E,-1=cPo,
> AP, = RP’
Pe3yabTaTn

I3 cucremu piBHsHB (10) Ta (11) MOoXxHA OTpH-
MaTH 3arajbHe piBHSHHS OalaHCy MOTYXHOCTEH:

:ZAP@H +AP, (1+K,).

3a IOMmoOMOror cucTeMu AudepeHiadbHuX pi-
BHAHB (6)—(7) moOymoBaHO MOJENb eleKTpoMeXxa-
HIYHUX TIPOLECIB Y CHCTEMi B3a€EMHOI'O HaBaHTa-
JKeHHsl, IOJIaHy Ha puc. 5.

Bxiganmu mapameTrpaMu B MOJETi € MOMEHT
M i koeilieHT mepenadi KyTOBOT IIBHIKOCTI

JDK
K, . BuXigHuMM nmapamerpaMu € CTpyM HaBaHTa-
JKCHHSI €JICKTPOMALIMHU 1 Ta KyTOBa HIBHIKICTb
JBUTYHA ©, (reHepaTopa o, ).

HaykoBa HOBH3HA Ta IPAKTUYHA
3HAYMMICTH

VY pe3ymnpTari IPOBEACHHUX OCIIIKEHb CTBO-
PEHO MOJEb CHCTEMU B3a€MHOTO HAaBAaHTAXKCHHS
3 MOKPUTTSIM yCiX BTpaT BiJ JpKepena MeXxaHi4HOI
eHeprii (aBuryna). Monmenp MOXXHa BHKOPHCTATH
SIK OCHOBY JUIS TIOOY/IOBU CTE€HJA 3 BHIIPOOYBaHHS
JOTIOMI>XHHUX MAIIIMH €JIEKTPOPYXOMOTO CKIIay.

HaBenena Mozenb 1O3BOIISE:

— BH3HAYMUTH NApaMETPH MPUBIIHOTO JBUTYHA
Ta BapiaTopa Ha eTami NPOEKTYBAaHHS CTEHJA,
3HAIOYH MACIIOPTHI JJaHi BUIPOOYBAIBHUX MAIIUH;

— TIJABHIMUTH SKICTh TPOBENEHHS BHIIPOOY-
BaHHs 332 PaXyHOK BHM3HA4YCHHS ONTHMAJIBHUX Ia-
pameTrpiB BHIIPOOYBaHUX ENEKTPOMAIIHH, IO J0-
3BOJISIE BIIMOBHMTHUCH BiJI «ETAJIOHHOI» EJICKTPUY-
HO1 MallIMHMU;

— 3HHM3HUTHU COOIBapTICTh PEMOHTIB 32 PaxyHOK
BUINOT eHeproe(eKTUBHOCTI 3alpOIIOHOBAHOI CXe-
MU MOPIBHSHO 3 HAsIBHUMU;

— ONTHUMI3yBaTU SIK CTPYKTYpy CTE€HIa, Tak
1 pexxuM BUTIPOOYBaHb i3 MiHIMAIBPHUMH BHTpaTa-
MU €JIEKTPUYHOI eHeprii.
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Puc. 5. Mojenp crucTeMu B3a€MHOI'0 HaBaHTAXKECHHS
Fig. 5. Model of the mutual load system

JIOTIOMDKHUX €JICKTPUYHUX MAIIWH, 3HU3UTH KiJlb-
BucHoBKH KiCTh MO3aIIAHOBUX PEMOHTIB, 0 B OCTATOYHOMY
MiZICYMKY Ja€ MOXJIMBICTh 3HM3WTH BUTpPATH Ha
YTPUMaHHS PyXOMOTO CKJIaJy, a OTKE, IMiBUIIUTH
e(EeKTHBHICTh HOT0 POOOTH.

MopnepHizalliss HasBHHX, 1 ToOyIOoBa HOBHUX
eHeproe()eKTUBHUX CTEHMIB s BUIPOOYBaHHS
JOTIOMDKHUX MaIllMH  EJIEKTPOPYXOMOT0 CKJIaay
JIO3BOJIUTH 3HAYHO MIiJBUIIMUTH HAIIHHICTH POOOTH
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System of Mutual Loading of Auxiliary Electric Machines with Coverage
of Losses from Mechanical Power Sources

Purpose. Increasing the level of safety and reducing the cost of rolling stock maintenance is an urgent problem
for Ukrainian railways today. Existing test benches for auxiliary machines are usually built according to the scheme
with direct loading of the tested electric machine and do not meet modern requirements for the quality and energy
efficiency of testing. In this regard, there is a need to design energy-efficient test benches for testing auxiliary
machines of electric rolling stock. Methodology. To achieve this goal, we used an analytical method of research to
determine the optimal structure of the test bench. The paper considers the voltage balance diagram in the mutual
load system. Separately, the calculations are presented, on the basis of which the design diagrams of the electrical
and mechanical parts of the test bench are constructed, and the conditions for covering all losses in the mutual load
system are determined using the design diagrams. Findings. In the course of the research, the power balance
equation in the mutual load system was obtained. On the basis of the equations, a model of a mutual load system
with coverage of all losses from a single source of mechanical power was built. The main advantage of the
developed model is that it can be implemented both by numerical calculations using composite systems of equations
and by object-oriented programming in specialized software systems. Originality. A rational scheme for testing
auxiliary machines with the coverage of losses from a single source of mechanical power is proposed. The use of
a single power source can significantly reduce the additional consumption of electrical energy due to the more
efficient use of auxiliary equipment, in particular, a mechanical power source. Practical value. Based on the results
obtained, it is possible to determine the parameters of the scheme for testing auxiliary machines at the design stage
of the test bench. Implementation of the research results at auxiliary machine repair enterprises will reduce
electricity consumption for post-repair testing due to the higher energy efficiency of the test scheme.

Keywords: testing; mutual load; auxiliary machines; substitution scheme; energy efficiency; mathematical model
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