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ENERGY EFFICIENCY DETERMINATION OF LOADING-BACK
SYSTEM OF ELECTRIC TRACTION MACHINES

Purpose. Acceptance post-repair tests of electric traction machines are conducted on loading-back stands that
reduce the overall power costs for the tests. Currently a number of possible circuit designs of loading-back systems
of electric machines are known, but there is no method of determining their energy efficiency. This in turn makes
difficult the choice of rational options. The purpose of the article is the development of the corresponding methodo-
logy to make easier this process. Methodology. Expressions for determining the energy efficiency of a stand for
testing of electric traction machines were obtained using the generalized scheme analysis of energy transformations
in the loading-back systems of universal structure. Findings. The technique was offered and the analytical expres-
sions for determining the energy efficiency of loading-back systems of electric traction machines were obtained.
Energy efficiency coefficient of loading-back system is proposed to consider as the ratio of the total action energy of
the mechanical and electromotive forces, providing anchors rotation and flow of currents in electric machines,
which are being tested, to the total energy, consumed during the test from the external network. Originality. The
concept was introduced and the analytical determination method of the energy efficiency of loading-back system in
electric traction machines was offered. It differs by efficiency availability of power sources and converters, as well
as energy efficiency factors of indirect methods of loss compensation. Practical value. The proposed technique of
energy efficiency estimation of a loading-back system can be used in solving the problem of rational options choice
of schematics stands decisions for electric traction machines acceptance tests of main line and industrial transport.

Keywords: electric traction machines; tests; loading-back; power losses; energy efficiency

Introduction consequently, the cost-effectiveness of railway
transportations of mainline and industrial vehicles.

The loading-back systems (where the energy
exchange between the tested machines takes place)
provide high energy efficiency of the tests with
relatively low total power of power supply sources.
External power sources in such loading-back sys-
tems are needed only to cover the power losses in
the tested electric machines [4].

Reduction of power consumption for accep-
tance post-repair tests of electric traction machines
is one of the urgent problems on repair enterprises
of traction rolling stock of mainline and industrial

Requirements of the relevant standards and
regulations for repair of locomotives provide for
acceptance testing of each newly manufactured
electric traction machine or machine after repair
[3]. These tests are an important and integral part
of technical process of production or repair of elec-
tric traction machine, the material costs for which
are included in the cost of final product [10].

Technical quality control, which is conducted
during the acceptance tests of electric traction ma-
chines, ultimately determines the reliability and
dependability of the hauling plant as a whole and,
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vehicles. Thermal tests of electric traction ma-
chines on the test bench of loading-back are the
most energy-intensive part of the entire test pro-
gram. Energy consumption for this type of tests
can be reduced both by increasing the energy effi-
ciency of the loading-back system and by optimiz-
ing the mode of loading of electric traction ma-
chines [11, 13, 12].

Purpose

The purpose of this research is to develop the
methods for determining the energy efficiency of
loading-back systems of electric traction machines.

Methodology

The term energy efficiency is generally under-
stood as the rational use of energy resources during
some technological process.

The most known index of energy efficiency of
a device performing useful work is its efficiency
coefficient. That is the ratio of this useful work to
the energy consumption from the network.

Despite the fact that the loading-back system
does not perform useful work, the fact of the load
current flow of electric machines and rotation of
their anchors is the purpose of loading-back proc-
ess, namely, providing the tests of electric ma-
chines tests under loading [9].

Thus, the energy efficiency of the loading-back
system can be considered as the ratio of the total
energy of mechanical and electromotive forces
providing anchors rotation and the flow of currents
in tested electric machines to the total energy con-
sumed during the test from the external network.

In general, the energy efficiency coefficient of
loading-back system can be represented as

A
k — (W} ,
ade A,

3aTp

where 4, u A, are the useful and consumed

energy accordingly.
Consumed energy 4,,, does not require de-

tailed explanation, but, nevertheless, one should
note that it will be considered as the total amount
of electricity consumed during the test of electric
traction machines by all the sources of system from
the three-phase AC network.

The issue of what should be considered as a
useful energy consumed for the test requires de-

tailed observation. If the purpose of loading-back
is to ensure the load current flow and anchors (ro-
tors) rotation, the useful power is the total power of
all kinds of losses in the tested electric machines.
Covering all the power losses in electric machines
is the main purpose of energy sources in the sys-
tem of loading-back [8]. From this point of view,
the useful power of sources of loading-back system is

})non :ZA])L[F >

where ZAPnr is the total power losses in the

tested electric machines (engine and generator).
Then the energy efficiency coefficient of the
loading-back system is

} D AP, dt
0
}ZPdt

0

kad)c =

b

where ZP — the total power consumed by the

loading-back system from the network; # — is the
testing time.
Total power consumption ZP is consumed to

cover the total power losses in the tested electric
machines ZAPer and the total losses in regulators

and converters Z AP,

2. P=3 AP, +) AR,

The energy efficiency of the loading-back sys-
tem, as it was shown above, is the ratio of the total
power losses in the tested electric traction ma-
chines meeting the parameters of adopted loading
mode to the total power consumed by the power
supply sources of loading-back system from the
network. The nature of dependence of this indica-
tor on the structure of the loading-back system can
be determined by the universal scheme of energy
transformations shown in Fig. 1.

This scheme is universal and takes into account
all the possible options to cover the power losses in
the tested electric machines [9]:

— direct covering of electric losses;

— indirect covering of electric losses;

— direct covering of idling losses;

— indirect covering of idling losses.
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Fig. 1. Universal scheme of energy transformations in
the loading-back system of electric traction machines

The scheme provides the variants of electrical
and mechanical power transmission in the main
power conversion loop using converters of electric
and mechanical power, respectively.

Electric power source ES compensates electric
losses in loading-back system by direct process,
when the electric power source ES' compensates
idling losses by indirect way. The source of mechani-
cal power MS covers idling losses in the system di-
rectly, when the source of mechanical power MS'
covers electrical losses indirectly. All four possible
power sources are connected to the network «Ny.

The tested engine is conventionally divided into
two parts: /I and [I'. A conditional part /] is included
into the main loop of power transformations, and the
part D' is a conditional converter of ES' source elec-
tric power into mechanical power transmitted to
generator G [5]. The tested generator is also condi-
tionally divided into two parts: G and G'. Condi-
tional part G is included into the main loop of power
transformations, when the part G' is a conditional
converter of MS' source mechanical power into
electric power transmitted to the engine E.

Transmission of power P,, of ES source to the

engine E is carried out directly, when the transmis-
sion of power P! of the ES' source to generator G

is carried out through the engine E' and mechanical

power converter and the MPC. Transmission of
mechanical power P, from the tested engine E to
the tested generator G is carried out through the
MPC converter; when transmission of the electric
power P from the tested generator G to the engine
E is carried out though the EPC converter.

Energy transformation loop, including the condi-
tional part of engine E, conditional part of generator
G, and the converters MPC and EPC is the main
one. Total losses in the tested engine and generator
caused by transformations in this loop, represent a
useful power of the loading-back system.

2 AP, =AP, +AR,.

Total power, consumed by loading-back system
from the network,

Y P=R+P+P+P,

where B, P, P, P, are the powers, consumed

from the network by the sources ES, ES', MS, MS'
accordingly.

In accordance with the energy transformation
scheme shown in Fig. 1, the power balance can be
represented as

ZPZZA%r+A%3+M3+ABIM+

+AP, + AP, +AP,  +AP + AP,

pM mpa

! ’
where AP, AP, , AP, , AP, are the power

losses in the sources ES, ES', MS, MS' accord-
ingly; AP__, AP_. are the losses in converters of

npMm pd
mechanical and electric power accordingly; AP/,
AP’ are the additional power losses in the tested

engine and generator accordingly.

Findings

Coefficient of energy efficiency of loading-
back system can be represented as

2.5,

o
3bc ZABH"‘ZA%H

where
ZA%zA%+M%+Mh+

+AP +AP,  +AP,_ +AP + AP/ .

pM npa

© A. M. Afanasov, A. Ye. Drubetskiy, S. V. Arpul, A. P. Khvorostyankina, 2014

69



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBcbkoro

HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aII3HUYHOr0 TpaHcmopty, 2014, Ne 2 (50)

EJIEKTPUYHUIA TPAHCITOPT

Power losses in the sources and converters are
determined by their efficiency and net power at the
output required for the operation of loading-back
system in the set mode [7].

Note that the diagram in Fig. 1 is universal and
takes into account all possible energy transforma-
tions in the loading-back system. For a particular
electromechanical loading-back system most of
elements of the given energy scheme will be absent.

The coefficient of energy efficiency £, will

be determined by the efficiency of the sources of
ES, ES', MS, MS', converters EPC, MPC, and by
the energy efficiency coefficients of power trans-
formations in the conventional parts E' and G'.

The energy efficiency coefficient of transfor-
mation of electric power P, into mechanical one

P/ in the engine E' can be represented as [2]

PV
1’]1'1p1 = Ez
or
nr[pl = 1 - Pfﬂ *

n
The energy efficiency coefficient of mechanical
power P! transformation into electrical one P’ in
the generator G' can be represented as [1]

Pr/
nan = E
or
nnpz = 1 - P/r

UM

It should be noted that the additional losses
AP and AP’ are connected with energy process

parameters in the main loop, i.e. they are depend-
ent on P and F, correspondingly. Also note that

in almost all variants of loading-back systems at
least one of the indirect compensation methods of
at least one of the loss types in the tested electric
machines is used [9].

Coefficients m,,, and n,, together with effi-

ciency of all power sources and converters deter-
mine the total energy efficiency of loading-back
system k., .

Originality and practical value

It was introduced the concept and proposed the
method of analytical determination of the energy
efficiency of the loading-back system of traction
electric machines. It differs by considering the ef-
ficiency of power sources and converters, as well
as energy efficiency coefficient of indirect methods
to cover losses.

The proposed evaluation methodology of energy
efficiency of loading-back system can be used to
solve the choice problem of rational circuit design
of stands for acceptance testing of electric traction
machines of mainline and industrial vehicles.

Conclusions

Energy efficiency of loading-back system is de-
termined by efficiency of power sources and con-
verters, as well as the energy efficiency of indirect
methods of loss cover. The losses depend on the
share of particular type of loss in the total power
loss in the tested electric traction machine.

Reduction of electric energy consumption for
electric traction machines testing can be achieved
by means of both the choice of rational loading
modes [6], and the optimization of the structure of
loading-back system.

Minimization of total energy consumption for
testing of electric traction machines can be
achieved by reducing the number of successive
power transformations in auxiliary devices or re-
fusal from such transformations. The most rational
seems to be a solution to cover all the losses by a
single source of energy. This can be a source of
both electrical and mechanical power [9]
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OIIPEJEJIEHUE SHEPTETUUYECKON D®PEKTUBHOCTH
CUCTEMBI B3BAUMHOI'O HAT'PYKEHUS TAT'OBBIX SJIEKTPU-
YECKHUX MALINH

Heas. IIpuéMo-cnaTounsie MOCIEPEMOHTHBIE HCIBITAHHUS TATOBBIX AJIEKTPOMALINH HPOBOIATCA HAa CTEHIAX
B3aMMHOW HArpy3KH, KOTOPBIE MO3BOJISIOT CHU3UTH OOIIME 3aTPaThl JIEKTPOIHEPTHH Ha UCTBITaHUSA. B HacTosmee
BpEMs U3BCCTCH IJ,eJ'IbIlZ pAd BO3MOKHBIX CXEMHBIX pemeﬂnﬁ CHUCTEM B3aUMHOTI'O HArpyXCHHs JJICKTpOMAlllnH, O1-
HAaKO OTCYTCTBYET METOJMKA OIPEENICHNs] NX DHEPreTHUecKoil 3 PeKTUBHOCTH. DTO, B CBOIO OYEpeib, 3aTPYAHSIET
BBIOOp palMOHATBHBIX BapraHTOB. Llenbio paboTHI ABJSETCA pa3paboTKa MOAXOMANICH METOIMKH, KOTOpas YIpo-
CTHT COOTBETCTBYIOIIMI mporiecc. Meroauka. BrelpaxxeHnst st onpenesieHus dHepreTudeckoi 3ddexkTuBHOCTH
CTEH/a /ISl UCTIBITAHNS TATOBBIX JIEKTPOMAIINH MOJIYyYeHbI ITyTEM aHajin3a 00OOLIEHHON CXEMBI SHEPreTHUECKHUX
npeoOpa3oBaHUii B CHUCTEME B3aWMHOTO Harpy)XeHHs YHHBEpCAJIbHOH cTpyKTyphl. PesyabtaTtbl. [Ipeanoxena
METOJMKA W TIOJTyYeHBl aHAMTHYECKUE BHIPAKCHUS IS OTPENEICHUs] YJHEPreTHIECKON d(PPEKTHBHOCTH CHCTEMBI
B3aMMHOTO Harpy>XeHHs TATOBBIX dJeKTpoMamiH. KoapduuueHT 3HepreTudeckoil 3PPeKTUBHOCTA CHCTEMBI B3a-
UMHOTO HArpy>XeHHs MPEIUIOKEHO pPAaCCMaTPHUBAaTh KaK OTHOIICHHE OOMIeld SHepruu JEeWCTBUS MEXaHHYICeCKUX
U IEKTPOABIKYIINX CHJ, 00ECTICUYMBAIOIINX BpaIlleHHE SKOPEH M MPOTEKaHHE TOKOB B MCHBITYEMBIX 3JIEKTPOMa-
IIMHAX, K CYMMapHOW 3HEPruH, NOTPEOIEHHOH 32 BpeMsl HCIBITaHNS U3 BHemHel cetn. HayyHnas HoBu3Ha. Be-
JCHO MOHATUEC U MPEIATIOKECH METO aHAJIUTUYCCKOI'0 ONPCACTICHUSA 3HepFeTI/IlleCKOﬁ 3(1)(1)CKTI/IBHOCTI/I CHUCTEMBI B3a-
HMMHOI'0 Harpy>KC€HHA TATOBBIX JJICKTPUYCCKUX MallWH, OTHHHaIOLHHﬂC)I y‘léTOM B HEM K. II. I. ICTOUYHUKOB U IIpC-
o0pazoBaresieil MOIIHOCTH, @ TaKXe KOIPQUIMEHTOB IHEPreTHYECKOi A3PPEKTUBHOCTH KOCBEHHBIX METOJIOB KOM-
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nencanuu norepsb. [lpakruyeckas 3Ha4YuMoCTb. [IpeioKkeHHAs] METOANKA OLEHKH dHEepreTuiecko 3 (heKTHBHO-
CTH CHUCTEMbI B3aUMHOTO HArPYy>KEHHS MOXET OBbITh HCIIOJIb30BaHA MPH PEIICHUH 3a/laud BbIOOpa PalMOHATIBHBIX
BapUaHTOB CXEMHBIX PEILCHUI CTEHAOB AJISl IPOBEACHHS PHUEMO-CIATOUHBIX MCIBITAHUN TATOBBIX 3JEKTPOMAIINH
MAarucCTpajbHOT'0 YU MPOMBIINIJICHHOTO TpaHCIIOPTA.

Kniouegvie cnosa: TSAroBbie 3JEKTPOMALIMHBL; UCIIBITAHUS; B3aUMHAsl HArPy3Ka; MOTEPU MOILIHOCTH; SHEpreTHye-
ckast 9pPeKTUBHOCTD
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BU3HAUYEHHS EHEPTETUYHOI EOEKTUBHOCTI CUCTEMU
B3AEMHOI'O HABAHTAKEHHS TATI'OBUX EJIEKTPUYHUX
MAIINH

Merta. IlpuitmMansHO-31aBaIbHI MICTSPEMOHTHI BHIIPOOYBAaHHS TATOBHUX EJEKTPOMAIINH MIPOBOIATHCS HA CTECH-
JlaXx B3a€EMHOIO HABaHTaXKEHHS, SIKI JO3BOJSIOTH 3HM3UTH 3aralibHi BHTPATH €JEKTPOEHEprii Ha BHIIPOOYBaHHS.
CpOroiHi BiIOMHH LUIMH Psi MOXIIMBHX CXEMHHUX DIIIEHb CHUCTEM B3a€EMHOI'O HAaBaHTAXXEHHs €JIEKTPOMAIIHH,
NpoTe BiJCYTHS METOJAMKA BU3HA4YEHHS iX eHepreTuuHoi edextuBHOCTI. lle, B cBoro uepry, yckiagHioe BHOIp
panioHaIFHUX BapiaHTiB. MeTolo poOOTH € po3poOKa MiaXOsII0] METOIUKH, sIKa CIIPOCTUTH BiIIOBIAHUH Tpolec.
Metoanka. Bupasn 1 BU3HA4YEGHHS €HEPreTHYHOI e(EeKTHBHOCTI CTeHAa JUIl BHUIPOOYBAaHHS TATOBHX
€JIEKTPOMAILIMH OTPHUMAaHO IIISIXOM aHali3y y3arajJbHEHOI CXeMH €HEPreTHYHUX MePETBOPEHb Yy CHCTEMI B3aEMHOTO
HaBaHTa)KCHHs yHIBepcaIbHOI CTPYKTYpH. Pe3yabTaTu. 3amnpornoHOBaHO METOAMKY i OTPUMaHO aHAITHYHI BUPA3H
JUIL BU3HAYCHHS CHEPreTHYHOI e(EKTUBHOCTI CHCTEMH B3a€MHOTO HABAHTA)KECHHS TATOBUX EJICKTPOMAILHH.
KoeditienT eHepreTnyHoi e€(PEeKTHBHOCTI CHCTEMH B3a€EMHOIO HABAHTAKCHHS PCKOMEHIOBAHO PO3IJISAATH SK
BIJIHOILLICHHS 3arajbHOi eHepril Jil MeXaHIYHHUX Ta eNeKTPOPYIIIHHUX CHJI, 110 3a0e3neuyroTh 0OepTaHHs SKOpIB
1 IPOTIKaHHS CTPYMIB y BUIIPOOOBYBAHUX EJIEKTPOMAIMHAX, IO CYMapHOI €Heprii, CIOXHTOI 3a 4ac BUIPOOYBaHHS
i3 30BHIMIHKOI Mepexki. HaykoBa HoBH3HA. BBe/IcHO MOHATTS 1 3alpOIIOHOBAHO METO]] aHAITHYHOIO BH3HAUCHHS
eHepreTYHoi epeKTHBHOCTI CUCTEMH B3a€EMHOI'O HAaBAHTAKEHHS TATOBHX €JICKTPUYHHMX MAIIWH, SIKUH BiIpi3HAETH-
csl ypaxyBaHHAM Yy HbOMY K. K. JI. JDKEpeJ 1 IepeTBOpPIOBAYIB ITOTY)KHOCTI, a TaKOXK KOe(]illieHTIB €HepreTHIHOl
e(heKTUBHOCTI HEMPSIMUX METOJIB KoMIteHcamii BTpaT. [IpakTH4YHa 3HAYHMICTD. 3aIpoIIOHOBaHA METOANKA OIIHKH
EHEepreTHYHOI1 eEeKTHBHOCTI CHCTEMH B3a€MHOTO HABaHTa)KEHHS MOXe OyTH BUKOPHCTAaHA MPH BHpINMICHHI 3a1adi
BHOOPY pallioOHATEHUX BapiaHTIB CXEMHHUX PIIIeHb CTEHIIB U MIPOBEACHHS MPUIMaIbHO-31aBATEHIAX BUTIPOOYBaHb
TATOBUX €JIEKTPOMAIINH MaricTpaabHOrO i IPOMHUCIOBOTO TPAHCIIOPTY.

Knrwouogi crnosa: TATOBI eNeKTpOMAIIMHI; BUIIPOOYBaHHS; B3a€EMHE HABAHTA)XXCHHS; BTPATH IIOTY)KHOCTI; eHepre-
THYHA ¢(PEKTHBHICTh
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