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ABSTRAC Improvements in locomotive wheel-motor unit (WMU) design over the last decade have been made in terms

of the transition to rolling motor-axle bearings (MAB) instead of plain bearings, which was the basis for the
proposed study. The study is aimed to provide a theoretical estimation of power losses in different types of locomotive WMU
MAB and its validation depending on heating temperature and bearing specifications. The study is aimed to determine power
losses in MABs using new approaches to their determination.

New methods of determining the power losses in the plain and rolling MABs of locomotive WMUs are suggested.

These methods allow calculating the values of power losses depending on the specifications of MAB and its heating tem-
perature. Depending on the bearing heating temperature, recommendations are provided with regard to operating conditions
of a particular type of locomotive WMU bearing. It is recommended to operate motor-axle plain bearings in the temperature
range of 10 to 20 °C, and rolling bearings from 20 °C and above.

The suggested methodologies for calculating power losses of locomotive WMU MABs can be used to determine the energy
efficiency of a given drive type, taking into account the type of the grease, its temperature, design features and operating condi-
tions. The obtained results can serve as recommendations for the selection of the type of MAB.

KEYWO RD . motor-axle bearing; axial oil; dynamic viscosity; friction coefficient; traction rolling stock; plain bearing;
.+ rolling bearing; power loss; and wheel-motor unit
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AH HOTA M CoBepLueHCTBOBaHME KOHCTPYKLMK KoNneco-MoTopHoro 6noka (KMB) nokoMoTuBa B nocnegHue fecstb net

I.l OCYLLeCTBNSNOCh B 4aCTV Nepexona Ha MOTOPHO-0ceBble noawmnHuku (MOI) KayeHus BMecTo noaLwmn-
HWUKOB CKOJIbXXEHMS, YTO CTaNo OCHOBAHWEM AN npennaraemMoro uccnenoBanus. Llenb uccneposaHns — Teopetnyeckas oLeHKa
YPOBHS NMOTEPb MOLLHOCTHU B pa3nnyHbix Tunax MO KMB nokoMoTHBOB 1 ee anpobaLyus B 3aBUCMMOCTH OT TEMNeEPaTypbl Harpesa

© AV. Osipoy, D.N. Kurilkin, O.R. Khamidov, 2023

VEHICLES AND ROLLING STOCK 1




RiiCE TRANSPORT

VOL. 2 ISSUE 2 2023

Artem V. Osipov, Dmitriy N. Kurilkin, Otabek R. Khamidov

Application of different types of motor-axle bearings of locomotive wheel-motor units

in the Far North

N TEXHUYECKNX XapaKTEPUCTUK MOALLNMHNKOB. 3apaum nccnenoBaHua — onpegeneHue notepb MOWHOCTU B MOI1 ¢ ucnonb3oBa-

HWEM HOBbIX MOAXOA0B K MX YCTAHOBNEHUIO.

MpennaratoTcs HOBble METOAMKM OMpeaeneHus notepb MolHocT1 B MOTT ckonbkeHus 1 kaduenns KMb nokoMoTMBOB.

[aHHble METOAMKM NMO3BOJIAKT PACCUUTbIBATh BEJIMUMHBI MOTEPL MOLHOCTU B 3aBUCMMOCTU OT TEXHUUYECKUX XapaKTepUCTUK
MOT1 1 ero TeMnepaTypbl Harpesa. B 3aBUCMMOCTH OT TeMNepaTypbl HAarpeBa NOALUMMHUKA NMPUBOLASTCS PEKOMEHAALMM MO YC/I0BU-
SIM 3KCNayaTaLum KOHKPETHOrO TMNa noalwmnHuka KMb 1okoMoTrBa. MOTOPHO-0CEBbIE MOALIMIHUKU CKONbXXEHWUS PEKOMEHAYETCS
3KCMyaTMpoBaThb B AManasoHe Temnepatyp ot 10 go 20 °C, noawunHukm kavyerums ot 20 °C u Bbiwe.

MpennoxeHHble METOAUKM pacyeTa notepb MolHocTM MOIM KMB n0KOMOTUMBOB MOTYT GbITh MCMO/b30BaAHbI 4151 YCTAHOB/IEHUS
3HepreTuyeckoi 3HEKTUBHOCTM JAHHOMO TUMA NPUBOLA, MPUHMMAs BO BHMMaHMWE TUM CMa304HOro MaTepuana, ero TeMnepartypy,
KOHCTPYKTUBHbIE OCOBEHHOCTU W YCNIOBUSI €ro 3KCMayaTaumu. [onyyeHHble pe3ynbTaTbl MOTYT MOCIYXUTb PEKOMEHAALMSMU MO

Bbl6opy TMNa MOTI.

Kﬂ |_OL| E B blE Cno BA. MOTOPHO-0CEBOM NOALLIMMHMK; OCEBOE MAC/0; AMHAMMYECKAs BA3KOCTb; KOIPDUUMEHT Tpe-
+ HWS; TATOBbIN MOABMXKHOM COCTAB; NMOAWMMHUK CKOMbXEHUS; NOAWMUMHUK KaueHUs; noTepu

MOLLHOCTH; KONECO-MOTOpPHbIM 610K

[na unutupoeauuna: Ocunos A.B., Kypunkur [.H., Xamudoe O.P. TIpuMeHeHne pasnunyHbiX TUMOB MOTOPHO-OCEBbIX MOALIMM-
HWKOB KOJIECO-MOTOPHbIX 6/10KOB T0KOMOTMBOB B paiioHax KpaiHero Cesepa // Tpancnopt BPUKC. 2023. T. 2. Bein. 2. C. 5.
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INTRODUCTION

Improvements in wheel-motor unit (WMU) design
in terms of motor-axle bearings (MAB) in the last ten
years have been associated with a transition to rol-
ling bearings [1]. Differences in design and operating
principle between plain and rolling bearings place dif-
ferent demands on the lubricant used and the perfor-
mance of the bearings'.

Operation of locomotives in the Far North in winter
in terms of high negative temperatures affects physi-
cal and chemical properties of the grease [2-5]. In this
regard, the question of energy efficiency of different
types of locomotive WMU MABs in the Far North re-
gions of Russia is relevant.

The purpose of this paper is to provide a theoreti-
cal evaluation of power loss level in plain and rolling
MABs of locomotive WMU and its validation depending
on heating temperature and bearing specifications.

MATERIALS AND METHODS
Calculation methodology for power losses in plain MABs

The methodology for calculating power losses in
plain MABs of locomotive WMU with axle-suspension
was presented earlier [6]. The friction coefficient fin

plain bearings changes with increasing speed accord-
ing to a rather complex characteristic described by the
Hersey-Stribeck diagram?, shown in Fig. 1 [7, 8].

The angular rates of transition from dry friction
0y, 10 semi-liquid friction and from semi-liquid fric-
tion to liquid friction o, can be determined from the
following ratios [6, 9]

ows| = 4 VAVIN: ) )
3-10° ¢ - dijap - Ivas
VYN A?
Owsy = ) (2)
ImaB 'dl%/lAB B[ So]
where F is radial load on the MAB, N; [ .. is MAB

r MAB MAB
insert length, m; d, , . is diameter of MAB shaft journals,

m; [S,] is dimensionless Sommerfeld number.
According to the works [6-8] in the dry friction
range the coefficient of friction f, , may be taken as
equal to 0.12.
In the area of liquid friction (section 2-3 in Fig. 1),
in accordance with the works? [6] the friction coeffi-
cient f; in plain MAB is

dl(\)/iﬁ% 11(\)/[%; HO'577 0.577
f1= 3’7339—A°“54F0'577 OWs ', 3)
rMAB

where A is diametrical clearance in the bearing.

! Anisimov I.G., Badyshtova K.M., Bnatov S.A. et al. Fuels, lubricants, technical liquids. Product range and application: Handbook.

Moscow, Tekhinform, 1999;596. (In Russ.).

2Voskresenskiy V.A., Dyakov V.I. Calculation and design of sliding supports: Handbook. Moscow, Machine Buidling, 1980;224.

(In Russ.).

3Perel LY. Rolling Bearings: Calculation, Design and Maintenance of Supports: Handbook. Moscow, Machine Building, 1992;608.

(In Russ.).
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Fig. 1. Guersey - Striebeck diagram:
p — dynamic viscosity of the grease (Pa * s); ® — angular speed

of rotation of the shaft (in our case, the wheelset o, rad/s);
p, — average specific bearing load, Pa
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Fig. 2. The results of determining the dynamic viscosity
of different brands of axial oils depending on temperature

In the area of semi-liquid friction, the friction coef-
ficient f;, is determined by
Fop = fi (owsy — ows) + /2 (ows — owsi)
Ows2 — Ows]

4)

The power loss capacity of the plain MAB is calcu-
lated according to the following relationship

AP =F van dMABf(DWS' ®)

MAB

As can be seen from the above dependencies, the
friction coefficient and power loss capacity of the MAB
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is influenced by the dynamic oil viscosity p and the di-
ameter gap A.

The dynamic oil viscosity u depends mainly on the
type of oil used and its temperature. The main require-
ments for physical and chemical characteristics of the
oil in plain MABs of locomotives are defined according
to GOST 610-2017.

The dependence of the dynamic viscosity of these
oils on the ambient temperature was determined ana-
lytically have been determined in the work?, as shown
in Fig. 2.

Calculation methodology for power losses in rolling MABs

Friction loss capacity of the rolling MABs is deter-
mined by

2
APyiaB = Zl AM iR Owss (6)
[:

where AM,, .. is friction loss moment in one of the roll-
ing bearings.

According to the publication?, friction torque in the
rolling bearing can be calculated according to the fol-
lowing relationship

AM,,,, =AM, . + AM,

MABO MAB1’ (7)

where AM,, .,
ing type; AM,,, .,
bearing load.

Considering the lubrication conditions, one of the
dependencies is used at vo,,, > 209

2/3
30 2/3
j DgMAB(mws)/ )]

T

is friction loss torque depending on bear-
is friction loss torque depending on

AMyiago =107 fo (V

at vo,, < 209
AM

MABO

=160 107D, ©)

where f; is coefficient depending on bearing type and
lubrication conditions; v is kinematic viscosity of the
grease, mm?/s; D is average bearing diameter.

In equations (8) and (9) the torque value is obtained
in Nmm.

Spherical roller double row bearing 23048/W33 and
radial single row bearing 20-7032148 are used as roll-
ing MABs on locomotives* [2, 9, 10].

We will find the average diameter of the rolling
MAB according to the equation

l(d +D

OMAB = 2 MAB MAB)’

D (10)

where d,,,, is bearing inner diameter; D
outer diameter.

wap 1S bearing

42TE25KM mainline freight double section diesel locomotive. Operation manual. Part 1. Technical description. MC BMBP, CJSC,

2015;153. (In Russ.).
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Substituting the bearing dimensions into equation
(10), we will obtain:

Dyas = 0,5 - (240 + 360) = 300 mm.
According to the paper?, for a spherical roller dou-
ble row angular contact bearing the coefficient f| is
4 to 6 and for a single row radial roller bearing the
coefficient f; is 6 to 12.
Friction loss torque depending on bearing load
is determined on the basis of the ratio®

AMMABl = f;(gIP)DO’ (11)

AM.

MAB1’

where f; is coefficient depending on bearing type and
degree of loading; g, is coefficient depending on the
ratio between the radial and axial loads borne by
the bearing.

Coefficient f,, included in the equation (11), accor-
ding to the data® can be taken as equal to f, = 0.0005 for
the rolling MABs used.

The coefficient depending on the ratio of the radial
load to the axial load taken by the bearing is deter-
mined by the ratio

g, =PF, 12)

where F_ is radial load on the bearing.

The radial load on the rolling MAB is taken as equal
to the radial load on the plain MAB.

Consequently, the values of the torque components
AM,,, ., on both supports will be equal and calculated
according to the following relationship

AM,,,, = fF..,..D 13)

M. rMAB~ OMAB*®

Substituting these results into the equation (6), we
will obtain the following relationship for determining

power loss in a rolling MAB: at ve,,, > 209
APyipp =
30 3 2/3
0.1(fy + f5)lv— 1D + 14
_ (/o fo)(" - ) omas (©Ows) ows, (14)
+2fiFmasDomas

at vo,,, <209

16(f’+f")D3 +}
APyap = 0 +Jo)Domas T o0 (15)
VAP L 2 fiFamasDomvias WS

Given the design features of WMU with rolling
bearings [10], the coefficients f, and f,” mean that their
values are different for the bearing supports.

The characteristics presented (14), (15) show that
the change in power loss capacity in a particular roll-
ing MAB depends on the angular rotation speed of
the wheelset o, and kinematic viscosity of the min-
eral oil.

As an example, let’s take LOCOLIT rolling bearing
grease by “TITAN-SM”, LLC. This type of grease is used
in the range of operating temperatures from -50 to
+150 °C.
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Fig. 3. Kinematic viscosity of LOCOLIT grease for rolling
bearings as a function of temperature

The values of the kinematic viscosity at different
temperatures are determined according to Walter’s
empirical formula [9]

1g0g(v, + ©)) = a + b1g(D); (16)

where v, is kinematic viscosity of the liquid at a given
temperature, cSt; a, b, ¢ are coefficients which are con-
stant for a given liquid type; T is liquid temperature, °K.

Using dependence (16), kinematic viscosity values
in the range of operating temperatures from -50 to
+100 °C were determined (Fig. 3).

RESULTS OF THE STUDY

Calculation of power losses in different types
of locomotive WMU MABs

WMU plain MABs used on diesel locomotives
2TE116, 2TE116U and 2TE25KM (with motor-axle plain
bearings) have the following main dimensions:

e [,.— MAB insert working length — 0.262 m;
e d,,,— shaftjournal diameter — 0.215 m.

Given the unladen weight of the WMU of 5.8 t [11],

the radial load per bearing can be taken as equal
F L. 5.8-10%-9.81 =28 450 H.

rMAB = 2

Using dependencies (1)—(5) and the values of the
dynamic viscosity p of the axial oils according to GOST
610-2017, the results of the calculation of the power
loss in plain MAB using C grade oil at -10; 0; 10; 20 °C
and various values of the diameter clearance are pro-
posed A.

Specifications of rolling bearings of locally pro-
duced WMUs used in TEM18DM, 2TE116U, 2TE25KM
locomotives are presented above. Using dependencies
(14) and (15), let’s determine power losses in rolling
MABs at different heating temperatures. Calculation
results are given in Fig. 8.
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Fig. 4. Change in power loss in plain MAB at different values
of diameter clearance and temperature -10 °C
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Fig. 6. Change in power loss in plain MAB at different values of
diameter clearance and temperature of 10 °C

Power loss analysis of motor-axle bearings

Calculation results for plain MABs show that power
losses vary widely, are increased at increase of sub-ze-
ro temperature and can reach 10-17 kW in the speed
range of 75-90 km/h (Fig. 4). Fig. 6, 7 show power losses
at heating temperatures 10; 20 °C, where stepwise in-
crease of power losses in a range of speeds 0-70 km/h
it is observed, thus the higher temperature of heating
the wider range of speeds is. The calculation of the ene-
rgy efficiency of plain bearings (Fig. 4-7) confirms the
influence of the diameter clearance A and heating tem-
perature on the power loss [12].

A determination of the power loss of a rolling MAB
as a function of the heating temperature is shown in
Fig. 8. In the speed range of 20 to 40 km/h, the losses
are up to 20 kW at different temperatures. At a heating
temperature of —10 °C after 40 km/h, the power loss is
increased significantly.
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Fig. 5. Change in power loss in plain MAB at different values
of diameter clearance and temperature of 0 °C
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Fig. 7. Change in power loss in plain MAB at different values
of diameter clearance and temperature of 20 °C
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Fig. 8. Change in power loss in rolling MABs at different heating
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CONCLUSION AND DISCUSSION

The following conclusions can be drawn from the
above:

e The dependencies shown in Fig. 4-7 allow conclu-
ding that the most effective operation of plain bea-
rings must be carried out with the minimum diam-
eter clearance permitted by the standard technical
documentation and heating temperature range
from 10 to 20 °C;

e Anincrease in the heating temperature of the plain
bearing leads to a reduction of power loss in a wide
speed range, as shown in Fig. 4-7;

e (Calculation results for rolling MABs showed, that
increasing heating temperature reduces power
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losses, thus operation of these bearings is most fa-
vourable at low speeds and positive heating tem-
perature from 10 to 20 °C;

e The use of plain MABs improves the energy ef-
ficiency of WMU compared to rolling bearings
when operating in the temperature range from 0
to 10 °C.

This paper was executed within the framework of

a grant from “Russian Railways”, OJSC for the develop-

ment of scientific and pedagogical schools in the field

of railway transport.

This article is a prerequisite for further research
into different types of WMU MABSs in terms of their
thermal balance issues.
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