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ENERGY EFFICIENCY OF DIESEL LOCOMOTIVE HYDRAULIC
TRANSMISSION TESTS AT LOCOMOTIVE REPAIR PLANT

Purpose. In difficult economic conditions, cost reduction of electricity consumption for the needs of production
is an urgent task for the country’s industrial enterprises. Technical specifications of enterprises, which repair diesel
locomotive hydraulic transmission, recommend conducting a certain amount of evaluation and regulatory tests to
monitor their condition after repair. Experience shows that a significant portion of hydraulic transmission defects is
revealed by bench tests. The advantages of bench tests include the ability to detect defects after repair, ease of main-
tenance of the hydraulic transmission and relatively low labour intensity for eliminating defects. The quality of these
tests results in the transmission resource and its efficiency. Improvement of the technology of plant post-repairs hy-
draulic tests in order to reduce electricity consumption while testing. Methodology. The possible options for hy-
draulic transmission test bench improvement were analysed. There was proposed an energy efficiency method for
diesel locomotive hydraulic transmission testing in locomotive repair plant environment. This is achieved by install-
ing additional drive motor which receives power from the load generator. Findings. Based on the conducted analy-
sis the necessity of improving the plant stand testing of hydraulic transmission was proved. The variants of the stand
modernization were examined. The test stand modernization analysis was conducted. Originality. The possibility of
using electric power load generator to power the stand electric drive motor or the additional drive motor was theo-
retically substantiated. Practical value. A variant of hydraulic transmission test stand based on the mutual load
method was proposed. Using this method increases the hydraulic transmission load range and power consumption
by stand remains unchanged. The additional drive motor will increase the speed of the input shaft that in its turn will
allow testing in closer to real conditions as a result of increased load on the hydraulic transmission. Increased load
on the hydraulic transmission will help to detect possible defects and hence will improve the quality of transmission
repairs.
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Introduction

Most locomotives with hydraulic power trans-
mission used in Ukraine require overall or over-
haul reconditioning. When performing the over-
haul one of the complex and responsible diesel
locomotive units is hydraulic transmission. After
overhauls the locomotive hydraulic transmission is
tested without load for the running-in purpose and
with load to check the basic settings. Technical
specifications of enterprises, which repair diesel
locomotive hydraulic transmission, recommend
conducting a certain amount of evaluation and
regulatory tests to monitor their condition after
repair. The quality of these tests results in the
transmission resource and its efficiency.

Problem statement. When conducting the over-
haul at the Dnipropetrovsk Diesel Locomotive Re-
pair Plant «Promteplovoz» the most energy-
consuming is the diesel locomotives hydraulic
transmission test stand. Testing of hydraulic
transmission in a wide power range is limited by
technical capabilities of equipment and existing
limits for energy consumption. In this connection
the important task is the development of energy-
efficient method for locomotive hydraulic trans-
mission testing in locomotive repair plant envi-
ronment.

Previous studies analysis. The problem of im-
proved testing of locomotives with hydraulic
transmission is researched in the works [6, 7, 9].
The research results can partly be used during
bench testing of hydrodynamic transmissions in
plant environment.

Industry research laboratory (IRL) «Technical
maintenance and diagnostics of locomotivesy of
Dnepropetrovsk National University of Railway
Transport named after Academician V. Lazaryan
(DNURT) is working to improve testing of locomo-
tive hydraulic transmissions under the conditions of
Diesel Locomotive Repair Plant [5, 8, 11, 12].

In [3, 4] the author considered the mutual load
system of traction electric machines with direct
and pulsating current, which allows to use them
while bench testing the hydraulic transmission with
electric drive and load.

Purpose

Improvement of the technology of plant post-
repairs hydraulic tests in order to reduce electricity
consumption while testing.

Methodology

There was proposed an energy efficiency
method for diesel locomotive hydraulic transmis-
sion testing in locomotive repair plant environ-
ment.

Base material. The plant uses a typical stand
for testing. It consists of the frame on which there
is installed the hydraulic transmission, DC electric
drive, DC generator for power take-off, remote
control. For generator loading the water rheostat is
used.

Block diagram of the stand is shown in Fig. 1.
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Fig. 1. Block diagram of the diesel
locomotive hydraulic transmission
run-in test stand

The stand input parameters are voltage U,, and
armature current 7, ,
U

m_e

excitation winding tension

of the drive motor. The hydraulic transmis-

sion input parameters are the rotary speed n,, and
the moment M, on the electric drive motor shaft
that corresponds to the rotary speed n, and the
moment M, of the impeller. The hydraulic trans-
mission output parameters are the rotary speed
and the moment M, of the impeller that corre-
sponds to the rotary speed n, and the moment
M,
a moment of resistance during hydraulic transmis-
sion testing the water load rheostat is used; the
power consumed by rheostat is defined as
P . = 1 gU g
The stand monitors the following parameters:

the rotary speed of the electric drive motor
n,, and the load generator n, ;

of the load generator armature. To create
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— the armature current /,, and voltage U,

and excitation winding U,, ., of the drive motor

€

and the load generator U, . .

— oil temperature at the inlet and outlet of the
hydraulic transmission;

—  pressure in lubrication system;

— pressure of the hydraulic transmission feed
pump.

Hydraulic transmission of type UGP 750-1 200
is designed for joint operation with diesel engine
which develops power from 550 ... 880 kW. It is
not possible to check hydraulic transmission opera-
tion in full load range at the existing stand, as the
drive motor rated power is 270 kW. Besides, the
moment characteristics of the motor do not match
with those of the hydraulic transmission that does
not allow using full engine capacity. That is why
the post-overall bench tests of the hydraulic trans-
mission are carried out in a limited range of loads.

To improve the hydraulic transmission test
stand there are the following options of moderniza-
tion [5, 11].

Replacing of the electric drive motor with die-
sel engine. Installation of diesel significantly com-
plicates the design and dimensions of the stand.
Besides, consideration must be given to the fact
that when placing the diesel stand within the work-
shop the noise and exhaust emissions, which occur
during the diesel engine operation, will adversely
affect the employees. Given the high cost of diesel
fuel and other disadvantages, this method is not
rational.

Installing the drive motor, which has diesel
relevant nominal capacity, will require more pow-
erful motor control system. Along with the cost of
the electric motor, this option would require sig-
nificant capital investments.

One option for modernization is to install the
additional electric motor on the stand for more
power to the hydraulic transmission input shaft
drive. This option has its advantages if the addi-
tional electric motor is powered by the stand load
generator.

In terms of energy savings spent on drive motor
power, the rational option (Fig. 2) is energy return-
ing from the generator to the electric drive motor.
To do this, the power converter is switched on in-
stead of the water rheostat in order to regulate the
output voltage of the generator according to the
operation mode of the drive motor.
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-
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Fig. 2. Modernization option with installation
of additional power converter

Since the load generator power depends on the
test mode, it is necessary to use a complex system
of energy transformation that will provide the op-
portunity to supply power to additional motor.

Let’s consider in more detail the option of in-
stallation of additional electric motor for more
power on the hydraulic transmission input shaft.

Block diagram of the updated stand for testing
hydraulic transmission is shown in Fig. 3. The mo-
tor M and the generator G are electric machines
designed for loading hydraulic transmission. The
motor M is connected to the hydraulic transmis-
sion input shaft directly, and the generator G — to
the hydraulic transmission output shaft through
reduction gear with angular velocity transmission
ratio £, .
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Fig. 3. Modernization option with installation
of additional electric drive motor

Additional drive motor M, , designed to
cover all losses in the mutual load stand, is con-
nected to the hydraulic transmission input shaft
through reduction gear with angular velocity
transmission ratio k.

The electrical circuit of the test stand is shown
in Figure 4. The armatures of the electric motor
M and the generator G are connected electri-
cally, forming a loop. The excitation winding of
the motor M and the generator G are powered by
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separate voltage sources, VS1 and VS2 respec-
tively.

The armatures of the additional drive motor
M .., 1s connected to the power source VS3, and

its excitation winding to the voltage source V54.
The rotary speed of hydraulic transmission in-

put shaft is regulated by changing the armature

voltage and excitation current of the additional

drive motor M, (VS3, VS4).

+ Imf ! / t

I —

. |
Vst M2E, 0 o E, .

fadd +

vs3 @ M s vs4

Fig. 4. Electric circuit of a stand

Adjusting the hydraulic transmission load mo-
ment is performed by changing the current / in
the circuit of the motor M and the generator G .

Voltage stabilization at the armature M, sta-

bilizes the angular velocity o,, of hydraulic trans-

mission input shaft. We assume that one of the
conditions of hydraulic transmission testing is as
follows

®,;, = const. (D

The second condition, ensuring relative stabil-
ity of the hydraulic transmission load moment, is
armature current consistency M and G

1 =const. 2)

Voltage balance [4] in the main electrical cir-
cuit (M - G) has the form

E,—E,=1-Y R, 3)

where E,, E, —emf of generator and engine, re-

spectively; ZR — total ohmic resistance of the

main electric circuit.

E,=c- D, 0, 4
EmZC'CDm'COm, (5)

where ¢ — constant component, depending on the
design of the same type of electric motor M and
generator G ; @,, @, — magnetic flows of genera-

tor and motor, respectively; ®,, ®, — angular ve-
locity of generator and motor, respectively.
Angular velocity o, , ®,, are related in the form

(’Og = khtr

‘K, -o,, (6)

where k,, and k, — angular velocity transfer ra-

tios of hydraulic transmission and reduction gear,
respectively.

For normal mutual load of identical electric
machines M and G it is preferably to ensure the
following conditions

1
k—’ (7)

htr av

khtr =

where k&

wray — average value of adjustable transfer

ratio k, .

Balance of mechanical moments can be repre-
sented as
1
Mm+k_'MaddzMg.khtr.k2+AMhtr’ (8)

1

where M M ¢ shaft moment of motor and

m?>
generator; AM,, — hydraulic transmission mo-
ment losses, before the input shaft.

Shaft moment of the additional motor is re-

quired to compensate for all the losses in the test
stand

Madd:kl|:Mg.khtr.k2+AMhtr_M;L}' (9)
M =c-®, - 1+AM,; (10)
M,=c-®,-1-AM,, (11)

where AM, and AM,, —moment losses caused by

no-load losses in generator and motor, respec-
tively.
Then the expression for M, takes the form

M, =k [c-l(cbg kyy hy =D, )+

+AM,, +AM -k, -k +AM,, | (12)
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Current in the main circuit

~ c[(Dg -k,

I = tr'kz_(pm](’)m

>R

Adjustment of the current and therefore the
load moment of the tested hydraulic transmission
can be performed by changing the magnetic flows
of motor M and generator G. For a given value
of current and angular velocity ratio the magnetic
flow ratio is as follows

(13)

I->» R
d)g 'khtr 'kZ —(Dm :L' (14)
[6RX ()]

Then the expression for M, takes the form:

I YR
M 40 =k —Z"‘AMW +
®

m

+AMg-k

htr

ey +AM,, | (15)

Multiplying both parts of this expression by
®,, /k, , we get the power balance equation in the

form
P ZZAP6+APhtr+

+AP .

-k

htr

-k, + AP

nlm?

(16)

where P,,, — power of additional motor; Z:APe -

total electrical losses in motor and generator; AP,
AP

— power losses in hydraulic transmission; AP,

AP, . — no-load losses in generator and motor,
respectively.

Thus, an additional motor M, cover all the

losses in the test stand.
The power losses in the hydraulic transmission

APy, =AM, -0, =M, -©, (1_nlﬂr)’ 17

where M,, and o, — moment and angular veloc-

ity at the hydraulic transmission input; m,, — hy-
draulic transmission efficiency.
1
(18)

Min :Mm +;Madd‘

1

Findings

Based on the conducted analysis the necessity
of improving the plant stand testing of hydraulic
transmission was proved. The variants of the stand
modernization were examined. The test stand
modernization analysis was conducted.

Originality and practical value

The possibility of using electric power load
generator to power the stand electric drive motor
was theoretically substantiated. A variant of hy-
draulic transmission test stand based on the mutual
load method was proposed.

Conclusions

The connection circuit of the testing station
electrical machinery was theoretically justified and
practically refined, the test procedure was im-
proved that enables full-range testing of hydraulic
transmission with minimal losses of electrical
power and existing restrictions thereof.
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INIABUINMEHHA EHEPTOE®EKTUBHOCTI BUITPOBYBAHb
I'TAPABJITYHUX IIEPEJIAY TEIIJIOBO3IB B YMOBAX
JIOKOMOTHUBOPEMOHTHOI'O 3ABOAY

Merta. B cknagHUX €KOHOMIYHHX YMOBaX CKOPOYEHHS BUTPAT E€JICKTPOCHEPTii, 0 CIIOKUBAETHCS HA TTOTPEOH
BUPOOHMIITBA, € AaKTyaJbHMM 3aBIAHHSIM JUI1 MPOMHCIOBHX IANPHEMCTB KpaiHH. TexHIYHMMH yMOBaMHu
MiAPHEMCTBAM, IO PEMOHTYIOTH TiIpaBIiuHi Mepeaadi TeTIOBO3iB, PEKOMEHIYETHCS IPOBEICHHS TIEBHOTO 00CTY
OIIIHOYHUX Ta PEryJIOBAIbHUX BHUIPOOYBaHb i3 METOI0 KOHTPONIO iX MiCISIPEMOHTHOTO CTaHy. Sk ToOKaszye
MPaKTHKa, 3HaYHA YacTWHA Je(eKTiB TiApaBIiYHUX Mepenad BHABISETHCS IiJl Yac CTEHAOBUX BUIpoOyBaHb. [0
nepeBar CTEHIIOBUX BHUIPOOYBaHb MOXKHA TaKOX BiHECTH: MOJIIMBICTh BUSIBJICHHS HIiCISIPEMOHTHHX Je(EKTiB,
3pY4HICTb 00CITyrOBYBaHHS TipaBiIiyHOl Iiepeayl Ta BiJHOCHO HEBEJIMKA TPYIOMICTKICTh YCyHeHHs aedexTiB. Bixg
SKOCTI TPOBEACHHS LUX BHUIPOOYBaHb 3AJIEKUTh pecypc mnepenadi Ta ii koedilieHT kopucHoi nii. Pobora
CHpsIMOBaHa Ha YJOCKOHAJICHHS TEXHOJIOTii 3aBOJICBKMX MICISIPEMOHTHHX BHIIPOOyBaHb Tifporepenad i3 METOlo
3MEHIIICHHS BUTPAT €IEKTPUIHOI €HEepril, [0 CIIO’KUBAETHCS Ha MPOBEJeHHS BUlpoOyBanb. Metoauka. [IposeneHo
aHalli3 MOJIIMBUX BapiaHTIB yIOCKOHAJICHHA CTEHIY BHIPOOYBaHp TiAPaBIiYHHAX Iepefad. 3amporlOHOBaHA
METOAMKA IIiBUIICHHS eHeproe()eKTUBHOCTI BHUIPOOYBaHp TiApaBIIYHUX IIepefad TeIUIOBO3iB B YMOBax
JIOKOMOTHBOPEMOHTHOIO  3aBofy. Lle JocsraerbCsi IIISIXOM — BCTAHOBICHHS  JIOJATKOBOTO  MPUBIAHOTO
€JIEKTPOJBHUIYHA, SKHM OTpPUMY€ >KHBICHHS BiJl HaBaHTa)XyBaJIbHOro TreHeparopa. PesyabTraTH. Ha migcrasi
MPOBECHOTO aHai3y OOIPYHTOBAaHO HEOOXIAHICTh YAOCKOHAJICHHS 3aBOACHKHX CTEHIOBHX BHIIPOOOBYBaHb
rigpaBmivHUX Tepenad. Po3risHyTO BapiaHTH MOJEpHi3amii crenay. [IpoBeneHO aHami3  MOJEpHi3amii
BUIIPOOYBaJIbHOTO cTeHAy. HaykoBa HOBM3HA. ABTOpaMH TEOPETHYHO OOIPYHTOBaHA MOXKJIHMBICTH BUKOPHCTAHHS
€JIEKTPUYHOI eHeprii HaBaHTa)KyBaJIbHOTO TE€HEepaTopa Ui >KUBJICHHS IPHBOAHOTO ENEKTPOABHUIYHA CTEHAY abo
IONATKOBOTO ~ TPUBIAHOTO enekTpoaBuryHa. IIpakTuyHa 3HaumMicTh. 3a pe3ynpTaTaMu  JIOCIHIIKEHb
3alPONIOHOBAHO BapiaHT KOHCTPYKIIi CTEHAy BHIIPOOYBaHb TiIpaBiidHOI Teperadi, SKAH 0a3yeThCs Ha METOMI
B3a€MHOT'0 HaBaHTAXXCHHS. BUKOPUCTAHHS I[hOT0 METOAY MiIBHIINYE Aialla30H HABAaHTAXXCHD TiAPABIIYHOI IIepeaadi,
a CIOKUBAHHA EJEKTPUYHOI €Heprii CTeHAOM 3anuiIaeThCs 6e3 3MiH. JlomaTKOBHH NMPHBOAHHUN €IEKTPOABUTYH
CHPHUSITUME TIJBHUIIEHHIO YacTOTH OOEpPTaHHA BXIAHOTO Baly, 100, B CBOIO 4YEPry, JO3BOJHUTH TNPOBOIUTH
BUIIPOOYBaHHA B YMOBaX, OUTBII HAOIIKEHHUX 10 peIbHUX BHACTIIOK 301MbIICHAS HABaHTa)KEHHS Ha T1IpaBIivuHy
nepenady. 30UIbIICHHS] HABAHTAXXCHHS Ha TipaBIiYHy Mepeaady CIpHITHME BUSIBICHHIO MOXJIMBUX NedeKTiB, 110,
B CBOIO Uepry, MiIBUIIKTS SIKICTh PEMOHTY Hiepeaui.
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MOBBIIIEHUE SHEPT O ®®EKTUBHOCTH UCHBITAHUM
I'MAPABJIMYECKHUX IIEPEJIAY TEIIJIOBO30B B YCJIOBUAX
JIOKOMOTHUBOPEMOHTHOI'O 3ABOJIA

Lenas. B CIIOXKHBIX 3KOHOMHYECKHX YCIOBHSAX COKpALICHHE PacXOJOB IJICKTPOIHEPrHH, MOTpebiisieMoll Ha
HY>KIbl IPOM3BOJICTBA, SBJISCTCS aKTyalbHOH 3a1adeil A1 MPOMBIIUICHHBIX MPEANPUSATHH cTpaHbl. TeXHHYeCKUMH
YCIOBHSAMH TPEINPUATHSAM, KOTOpPBIE PEMOHTHPYIOT THAPABIMYECKHE Nepeiavyd TeIIOBO30B, PEKOMEHIYETCs
IPOBEJICHUE ONPENETICHHOr0 00beMa OLICHOYHBIX M PETYIUPYIOIUX HCIBITAHUHA C Ielbl0 KOHTPOIA HX
MOCIIEPEMOHTHOTO COCTOSIHMA. Kak IoKka3blBaeT NpaKTHKa, 3HAYUTENbHAas 4YacTb NEe(eKTOB THAPABIMYECKHX
nepeaay BBIABIIACTCS IPH CTEHAOBBIX HMCIbITaHUAX. K mpenMyniecTBaM CTEHAOBBIX MCHBITAaHUI MOXKHO OTHECTH:
BO3MOXKHOCTh OOHApy)KEHHUsSI MOCIEPEMOHTHBIX Ie(eKTOB, yI00CTBO OOCIY)KMBaHMS T'MIPABINYECKON mNepenadu
W OTHOCHUTENILHO HEOOJIbIIAs TPYAOEMKOCTh ycTpaHeHHsi AedekToB. OT KayecTBa MPOBEIEHMsSI ATUX HUCIBITAaHUHN
3aBUCHT pecypc mepenaud M ee Kod(pQHUUUEHT mnoje3Horo neiictBus. Llenb paboThl — ycOBEpIIEHCTBOBaHUE
TEXHOJOTUH 3aBOJICKMX IIOCIEPEMOHTHBIX HCIIBITAHWI THIpONepenay ¢ 1eNbl0  yMEHBLICHUs pacxoja
JIEKTPUUECKOM SHEepruu, morpedisieMoll Ha npoBeneHre ucnbiTanuii. Meroguka. [IpoBeneH aHaIM3 BO3MOXKHBIX
BapHaHTOB YCOBEPLICHCTBOBAHUS CTEHAA WCIBITAHUM TuApaBIudeckux nepenad. [IpeanoxkeHa MeTonuka
NOBBIILICHUST  DHEProdP(PEKTHBHOCTH  HUCIBITAHUNA THIPABIMYECKHX Hepeaady TEIUIOBO30B B  YCIOBHSX
JIOKOMOTHBOPEMOHTHOIO ~ 3aBoJa. OTO JOCTHUTAeTCsl IYTEM YCTAaHOBKH JONOJHHUTEIBHOTO  IMPUBOAHOIO
3NEKTPOJBHUIATENsd, KOTOPHIH IIOJMy4aeT IHUTaHWE OT HAarpy3oyHoro rexepartopa. Pe3yiabrarsl. Ha ocHoBanum
IPOBEICHHOTO aHalli3a 00OCHOBaHa HEOOXOIMMOCTh COBEPILEHCTBOBAHMS 3aBOJCKUX CTECHAOBBIX HCIBITAHUI
THAPABINYECKUX Iepenad. PaccMOTpeHBl BapHaHTBHI MOJEPHHU3AaLMK CTeHIa. [IpoBeaeH aHanmnM3 MOJIEpHU3ALUH
ucnbiTaTenbHoro crenia. Hayunass HoBu3Ha. ABTOpaMHu TEOPETUUECKH 0OOCHOBaHA BO3MOXHOCTh MCIIOJIb30BaHHUS
AJIEKTPUYECKOM SHEPruM Harpy304HOro TeHeparopa Juls IHUTaHWs MPHBOJHOTO 3JIEKTPOJABUTATENSl CTEHIA WU
JIOTIOJTHUTEIIBHOTO MPHUBOJIHOTO AekTpoasurarens. [Ipakrnyeckas 3naunMoctb. [1o pesynbraram ucciaeqoBaHui
NpPEeAJIOKEH BapHaHT KOHCTPYKLUM CTEHJA WCHBITAHUHA THAPAaBIMYECKOH Iepenadn, OCHOBAaHHBIM Ha MeEToJe
B3aUMHOM Harpy3ku. Mcrojp3oBaHMe 3TOro METOAa MOBBIIIACT JHMana3oH HArpy3oK I'MIpPaBIIMYECKOl nepenaud,
a ToTpeOieHHe DIEKTPOIHEPrHMHM CTEHAOM oOcTraercst 0e3 H3MeHeHWi. JlOMOJHHWTENBHBI  NPHUBOIHOMN
ANEKTPOJBHUIATENb OYIET CIIOcOOCTBOBATH HOBBILICHUIO YacTOTHI BPALIeHHs] BXOAHOT'O Baja, YTO B, CBOIO OYepe/b,
TO3BOJIUT TPOBOAUTH HCIIBITAHUS B YCIIOBHUSX, Ooiiee NPHONMIKEHHBIX K PEaJbHBIM BCICICTBHE YBEIUYCHUS
HAarpy3kd Ha THIOPaBIMYECKYIO Iiepenady. YBEJIMYEHHE HArpy3KH Ha THAPaBIMYECKYI0 Nepepady Oyner
CII0COOCTBOBATH BHIABICHHIO BO3MOXHBIX A€(EKTOB, YTO, B CBOIO OYEPEeb, IOBBICHT KAYE€CTBO PEMOHTA IIePeiayy.

Knrwouesvle crnosa: ruipaBindeckas Iepenada; UCIBITAHUS THAPOIepeay; UCTIBITATENbHBIN CTeH; PUBOIHON
JBUTaTelb; HArPY304HbIH IEHEPATOP; AOMOIHUTENILHBIA JIBUIaTENb
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