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INVESTIGATION ON FEATURES AND TENDENCIES OF AXLE-BOX
HEATING

Summary. Breakdown of rolling stock axle-boxes if not detected in due time may
cause a rail accident or disaster. At present, a lot of advanced technologies, modern
equipment and devices, which “recognizes” faulty axle-boxes when the train is in motion,
have been implemented. However, the timely identification of breakdown of rolling stock
axle-boxes still is an acute problem, the initial stage of damage emergence being
especially problematic. Presently, rolling stock axle-box breakdown is determined
according to the higher than permissible temperature of the axle-box body. The article
provides statistical data of dangerously heated axle-boxes, determined train delay
durations, the number of delayed trains by danger level, and dependence of damage on
the season. After systematization of data on axle-box damage and heating temperatures of
broken axle-boxes, heating tendencies of axle-boxes of freight wagons are described.
Finally, basic conclusions are given.

VICCJIEJOBAHME OCOBEHHOCTEM Y TEHIEHIIU HATPEBAHUS BYKC

AnHotanus. CBOEBpeMEHHO He OOHApYy)XEHHAs HEHUCIPABHOCTh OYKCHI MOXKET
NPUBECTH K aBapHM T0e3/l1a WM KatacTpode. B HacTosmee Bpems BHEIPEHO MHOTO
NEepeaoBbIX  (TIPOTPECCHBHBIX)  TEXHOJIOTHH, COBPEMEHHOTO  OOOpPYAOBaHHA |
MIPHUCTIOCOOJIEHNH, KOTOPBIE «PACIO3HAIOT» HEUCTIPABHYI0 OYKCY BO BpeMS IBUKCHHA
noezna. Ho, HecMOTpst Ha 3TO CBOEBpEMEHHOE, OOHApy>KEHHE HEUCIPABHOCTH OYKCHI
OCTaeTCsi OCTpOM MpoOIeMON, OCOOEHHO B HAYaJIbHOW CTaJud TOBPESKICHHS. B
HACTOsIIIlee BpEMsl TMOBPEXICHUS OYKC TMOJBHIKHOTO COCTaBa ONPEACISIIOTCS 10
TeMIiepaType HarpeBaHus Kopiryca OYKCBL. B craThe mpeocTaBiieHBl CTaTUCTHUCCKHE
naHHele O OyKcax, HarpeBaloIIMXCs [0 ONAcHOro Ipejena, yCTaHOBJIEHA
MPOIOJDKUTEIEHOCTh  33J€PKEK  IMOE3/10B, KOJIMYECTBO 3aJEPKaHHBIX MOE37I0B 10
YpOBHSM (KaTeropusiM) ONACHOCTH W 3aBUCHUMOCTH HarpeBa OYyKC OT BpEMEHH Toja.
Tennenunu HarpeBa OyKC TPY30BBIX BAaroHOB OIMCAaHBl HA OCHOBE CHUCTEMaTH3aLlUH
JaHHBIX O HEUCIPABHOCTAX OYKC M TEeMIIEpaTyphl UX Harpesa. B KOHIE MpeaoCTaBICHBI
BBIBObI.
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1. INTRODUCTION

Temperature of rolling stock axle-box bodies is one of the most important parameters of
diagnostics, upon exceeding thereof it is stated that the axle-box is in technical disorder [2]. The
normal operation of the axle-box is characterized by heat exchange balance between axle-box
elements, wheel-set and ambient air temperature, i.e. when the released amount of heat equals the
amount of heat dissipated in the environment by the axle-box and wheel-set [5-7]. Axle journal
temperature when the train is running at the uninterrupted regime depends on the type and dimensions
of bearings, antifrictional and hydrodynamic properties of the lubricant, spaces between the bearing
rollers and rings, static and dynamical loads of the bearing, train running speed, duration of travel
without stops, and ambient air temperature, and the road curves [16]. Friction of axle-box node parts
results in the heating of their surfaces. Upon reaching the limit values this heating may cause the
structural changes in the upper surfaces of the bearing parts, due to which the rollers may become
clogged [6]. Axle journal fracture may occur after 25 min (or if the train is moving, on the average, at
60 km/h after 25 km) from the moment when the inner ring of the bearing spins on the axle journal
[17-19), therefore of special importance it is to locate the Hot Axle-Box Detectors (HABD) at a proper
distance. With the inner bearing ring spinning on the axle journal (one of the most dangerous axle-box
breakdowns), the temperature increase variation reaches from 8°C/min to 38°C/min. Therefore, after
25 min (or if the train is moving, on the average, at 60 km/h after 25 km) the temperature of the axle
journal of the wheel-set at the place of ring spinning may reach from plus 266°C to plus 800°C. The
article [8] provides an analysis of the causes of axle journal fractures of two freight wagons, whereby
it was established that temperature of the axle journal at the moment of fracture was from plus 900°C
t01000°C. For this reason, it is very important to locate HABD at a proper distance. It is set in modern
requirements that a distance between two HABD should not exceed 35 km [15].

Modern HABD should ensure that axle-boxes of all impermissibly hot rolling stocks should be
diagnosed. HABD danger levels are identified (Danger 1 and Danger 2), which with account taken of
the axle journal heat flow temperature may be plus 100°C, 120°C or 140°C. If HABD is regulated
when axle journal temperature is plus 100°C, less is a possibility that HABD will not fix the
impermissibly hot axle-box, whereas the number of halted trains will increase and, on the contrary,
after identifying HABD danger levels according to the axle journal temperature 140°C, the number of
halted trains will reduce considerably, and probability of not fixing an inadmissibly heated axle-box
will increase.

Axle-box breakdowns may be subdivided into four main groups: poor lubrication, fatigue, not
qualitative mounting and contamination (with metal admixtures, water). Bearing damage occurs due to
improper lubrication, excessive load, excessive rotation speed, inadequate mechanical properties
insufficient operating clearance, radial stress caused by an external heat source, obstructed run due to
the breaking of the cage, initial damage of the bearing [1]. The damage of box-axle bearing
mechanisms could be classified into two types: brinelling and spalling [11]. Brinelling consists of one
or more indentations distributed over the entire raceway circumference that is subjected to static
overloading [4]. Each indentation acts as a small fatigue site, producing sharp impacts with the
passage of the rolling element, eventually leading to the development of spalling at the indentation
sites as the bearing continues to operate. Under normal loading conditions, the bearing will form
minute cracks due to material fatigue after certain duration of usage. With an increase in size during
cyclic loading, the cracks progress to the surface and are manifested as spalling in the contact areas
[3]. Considering different research works performed by scientist Harward [4] or completed by various
companies in 2008 [10, 12, 14] axle-box bearing defects are summarized as a wear, spun cone,
corrosion, flaking, spalling, brinelling, peeling, smearing, and chipping.

In general, bearing defects are associated with the speed of the train, wheel impact [1, 13], and poor
lubricant handling [1]. Wheel impact can result in a loose fit bearing inner raceway. Consequently, it
causes wear on the inner raceway circumference and can lead to a spun cone. In addition, wear on the
race/roller cage and solid surface can also be caused by poor lubricant handling, excessive lubrication
or lack of lubrication [1]. It is imperative that lubricant is clean, as it will help to prolong the bearing
life cycle. If the lubricant is contaminated with water, this may lead to a water-etched surface.
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Furthermore, as water is added to the bearing, rust can form inside the bearing roller or raceway.
Subsequently, the wear will be magnified due to the fatigue on the contact surface between the roller
and raceway, until the roller is broken. Typically, fatigue in the car body shell results from changes in
the internal and external differential pressure on an airtight structural vehicle as trains passes each
other in tunnels [9].

Upon having made a survey of scientific reports, it was stated that statistical data were lacking on
the distribution of axle-box breakdowns and heating temperatures, characteristic of these breakdowns.
This research work is targeted at identifying the correctness (validity) of the HABD fixed readings of
hot axle-boxes, to determine most frequent breakdowns of axle-boxes and their distribution, to
describe the axle-box heating tendencies.

2. INVESTIGATION OF AXLE-BOX HEATING AND RESULTS

Modern methods for calculation of rolling bearings are carried out most often in two directions:
static bearing load, performed according to residual contact stresses, and longevity according to
crumbling due to metal fatigue. Other methods used have not been finally elaborated as they are
related to numerous random factors that are difficult to be calculated.

Breakdowns of the rolling stock axle-boxes may be identified in two ways: according to the
increased temperature of the axle-box body and according to noise vibrations generated by the broken
bearing. At the present time, the simplest and most reliable method for identification of rolling stock
axle-box breakdowns is according to the increased axle-box body temperature; therefore it is used in
the railways throughout the world.

Temperature change of the rolling stock axle-boxes when the train is moving was investigated
according to the readings of the hot axle-box detection devices (temperature values) at the HABD.

HABD are mounted on the two side rails, as shown in Fig. 1, to detect the heat emitted by a
vibrating bearing if the inner raceway is loosely fitted or defective.

“Hot Box”™
Detector

Fig. 1. Hot box detection system
Puc. 1. Cuctema 0OHapyKeHUs TOPSUYbIX OyKC

The automatic rolling-stock control posts (HABD) are mainly designed to fix inadmissibly heated
axle-boxes of rolling-stocks, clogged axle-wheels and wheel rolling surface defects and to ensure the
safe train traffic, to timely determine hot axle-boxes. Axle-box heating measuring devices are installed
in a special hollow sleeper and of the stopped wheels in the rail sole fastening chamber. This system is
aimed to measure absolute temperature separately on both sides of the axle-wheel of the axle-box and
axle journal zones (left and right, according to the train running direction).

HABD:s are used to calculate the following parameters according to the measured values:

1) absolute and ambient temperature differences of axle-boxes and axle journals (differential);
2) absolute temperature difference of the left and right sides of axle-boxes and axle journals,
located in one axle wheel.
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Heating of axle-boxes is measured vertically from the bottom, and temperature of the rims of axle
wheels is measured at an angle in respect of the rails. The operating principle of the axle-box heating
system is based on measuring infra-red radiation intensity from the surfaces under control with the
axle wheel moving through measurement zones.

Change of temperatures in wagon axle-boxes at the train moving was analyzed according to axle-
box temperatures fixed in the HABD posts during the entire train movement route. Rolling-stock axle-
boxes where heating temperatures exceeded the permissible limits were analyzed, and trains were
stopped in a way-station because of traffic danger. Analysis is made of HABD of the first-level danger
(due to the impermissibly heated axle-box, the train may travel to the nearest station, where technical
workers must perform the axle-box review in more detail and determine the reason of heating) and of
the second-level danger (due to the impermissibly heated axle-box, the train is stopped at once at a
way-station, technical workers are called).

Primarily, it was by State Company “Lietuvos gelezinkeliai“ (“Lithuanian Railways”
abbreviation is LG) explored how many trains were halted in 2011-2013 due to the impermissibly hot
axle boxes. The obtained results are presented in Fig. 2.
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Fig. 2. Dynamics of HABD halted LG trains with impermissibly hot rolling stock axle-boxes
Puc. 2. lunamuka octaHoBIeHHBIX NT0e310B AO «JIUTOBCKHE Kese3Hble JOPOTU» IO OMACHOIo Mpeena
HarpeBaroIMMcs OyKcaMu IMOABIKHOTO 110 rmoka3anuio [IOHAB

Fig. 2 shows that the number of trains halted in April-July 2011 was significantly higher than in
2012-2013 within the same period. After making an analysis it was established that the number of
trains halted in 2011 was higher due to the sunlight access to the the scanning device.

In 2011, 248 trains were halted according to HABD; in 2012 — 209 trains, and in 2013 — 259 trains.
It is shown in Fig. 2 that the number of trains, halted in 2012, was by almost 60% higher than in 2011,
and in January 2013 even by 76 %. This phenomenon may be explained by the fact that the railways
started operating the wagons where cartridge type bearings were mounted. The heat exhange processes
of the said bearings differ from those of the axle-boxes, where standard bearings are mounted. Seeking
to avoid the ungrounded halting of the trains, HABD increased the threshold danger temperature by 5
°C.
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In conducting an investigation it was determined that HABD fixed the increased axle-box body
temperature in 123 freight trains of LG, but after a loco driver adopted a decision to drive at not
higher speed than 50 km/h (set speed 90 km/h), the axle-box body temperature decreased to the
permissible limit, and in other HABD the increased heating was not fixed. The total idle time of LG
trains due to impermissibly heated axle-boxes fixed by HABD is given in Fig. 3. Each train halting
case and idle time duration were established from train handling schedules.
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Fig. 3. Dynamics of the average idle time of LG trains halted by HABD in 2011-2013
Puc. 3. lunamuka cpegHei mpoaoKUTEIbHOCTH 3a/IepKEK MOE3/J0B OCTAaHOBIEHHBIX 10 noka3zanuio [IOHADB
Ha AO «JlutoBckue xene3nbie noporu» 3a 2011-2013 r

Fig. 3 shows that the average idle time per train in 2011 made 40 min, in 2012 — 45 min, in 2013 —
57 min. In 2013, the average train idle time increased by 50% due to the halted trains where cartridge
bearings were mounted.

The number of HABD halted trains by danger is presented in Fig. 4.
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Fig. 4. Dynamics of LG trains halted in 2013 by danger levels
Puc. 4. lunamuika octaHoBJIeHHBIX N0e310B AO «JIMTOBCKHE Kene3HbIe JOPOTH» MO MOPOraM TPEBOKHOM
curHasmmsanuu 3a 2013 ¢
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Fig. 4 shows that the number of HABD halted trains by danger levels has almost the same tendency
(except January). On the average, per month, the first level heating danger is fixed in the rolling stocks
of 13 trains and the second level heating danger in wagons of 3 trains. The least heating of axle-boxes
was fixed in August-October.

After conducting the investigation in LG, it was established that in 2011-2013 due to HABD
readings 97 freight wagons were decoupled where axle-boxes got heated impermissibly. To identify
the exact reason of the axle-box heating, 97 axle-boxes were dismantled, the fixed breakdown data
thereof is given in Fig. 5.

6% 3%

35%

12%

Water in the lubricant

Metal chips in the labyrinth part

m Cuts and burrs in the labyrinth part of the body

Crack of the inner ring of the front bearing

BToo excessive lubiicant

B Scratches in a herringbone pattern at the bearing roller ends

B Loose fixing screws M20

Fig. 5. Distribution of axle-box breakdowns of LG freight wagons
Puc. 5. Pactipenenenne HencnpaBHOCTEH OYKCOBBIX Y3JI0B I'py30BEIX BaroHOB AO «JIMTOBCKHE JKene3HbIe
JIOPOTH»

Fig. 5 shows that most often axle-box heating (38%) occurred due to the lubricant contamination
with water, cuts and burrs in the labyrinth part of the axle-box and metal chips in the labyrinth part.

The following data were processed in determining temperatures according to HABD readings:

1) train passage date and time (evaluated year and day time);

2) name of the way-station where the train underwent control (distance from one HABD to

another HABD);

3) train movement direction;

4) train number and serial number during the day in the specific HABD post;

5) the highest level of heating danger of axle-boxes;

6) ambient air temperature (during the train movement through HABD post);

7) train acceleration;

8) train weight;

9) absolute axle-box body and axle journal temperature;
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10) differential axle-box body and axle journal temperature (not evaluating the ambient

temperature);

11) tempertuare differences of the left and right sides of the axle wheel of axle-boxes and axle

journals.

In accordance with the distribution of breakdowns and according to temperatures fixed by HABD,
the temperature distribution in the axle-box body and axle-box elements is provided in Table 1.

Table 1
Distribution of temperatures faulty axle-boxes of LG trains in 2011-2013
Breakdown Tendentious heating place | Tendentious heating place of the Average
of the technically faulty axle-box and temperature | difference of
serviceable axle-box difference of heating places temperatures
of serviceable
and not
serviceable
axle-boxes, °C
Water in the Temperature of
lubricant the body is, on

Cuts and burrs in
the labyrinth part

Crack of the
inner ring of the
front bearing

Too excessive
lubricant in the
axle-box

Loose fixing
screws M20

Temperature
of the body
is, on the
average, by
1°C higher
than that of
the axle
journal

the average, by
10°C higher than
that of the axle
journal

35

Temperature of
the body is, on
the average, by
7°C higher than
that of the axle
journal

37

Temperature of
the body is, on
the average, by
13°C higher than
that of the axle
journal

44

Temperature of
the body is, on
the average, by
16°C higher than
that of the axle
journal

39

Temperature of
the body is, on
the average, by
15°C higher than
that of the axle
journal

35
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Metal chips in the
labyrinth part

Temperature of
the axle journal

[ @ is, on the
— | average, by 24°C 51

higher than that

of the body
Scratches in a — Temperature of
herringbone the axle journal
pattern, formed at N is, on the
the bearing roller [ @ average, by 8°C 29
ends and in the higher than that
inner part of the a of the body

external ring edge

It is seen from Table 1 that heat exchange process of the normally operating axle-box is such that
released temperature distributes evenly in axle-box body and the axle journal. Two breakdowns of the
axle-box (metal chips in the labyrinth part and Scratches in a herringbone pattern formed at the bearing roller
ends and in the inner part of the external ring edge) have a typical temperature increase in the area of
the axle journal. The highest heating temperature of the axle-box is monitored at the existence of metal
chips in the labyrinth part, and the highest axle-box body temperature at the existence of the crack of
the inner ring of the front bearing.

It would be possible to identify at HABD not only the faulty axle-box, but also the type of the
specific breakdown of axle-box after conducting more comprehensive investigations of temperature
distribution in the elements of the faulty axle-boxes and upon researching of typical temperature
increase speeds at the existence of a specific breakdown.

3. CONCLUSIONS

1. Cartridge bearing heat exchange process is totally different from the heat exchange process of the
cylindrical bearing; therefore, it is necessary to install the axle-box type recognition subsystem in
Hot Axle-Box Detectors (HABD).

2. With a train running at a speed lower than 50 km/h, the body temperature of impermissibly hot
axle-box body decreases to permissible limits, and further heat exchange process is adequate to the
heat exchange process of the axle-box that is in technically good order.

3. According to HABD readings, the idle time duration of halted State Company “Lithuanian
Railways” trains has been increasing tendentiously; therefore, it is expedient to take measures for
more precise HABD readings.

4. According to HABD readings, the number of halted State Company “Lithuanian Railways” trains
by danger level is steady, on the average, per month: in the rolling-stocks of 13 trains, the heating
danger of Level 1 is fixed, and in the wagons of 3 trains, the danger of Level 2, on the average.

5. Axle-box breakdowns of two types (metal chips in the labyrinth part and at the bearing roller ends
and scratches in a herringbone pattern in the inner part of the outer ring edge) have the specific
increased axle journal temperature.

6. During investigation the authors revealed how the temperature of faulty axle-boxes is distributed in
the axis and in the axle-box (Table 1).

7. The lowest number of axle-box heating at State Company “Lithuanian Railways” was fixed in
August-October.

8. It is foreseen to proceed with research and data systematization, giving an evaluation of variable
train movement modes (train speed change, short stops, acceleration, etc.) and their impact on heat
exchange of axle-boxes; to examine in more detail the regularities of temperature alteration of
faulty axle-boxes.



Investigation on features... 113

Acknowledgements

This work has been supported by the European Social Fund within the project “Development and
application of innovative research methods and solutions for traffic structures, vehicles and their
flows”, project code VP1-3.1-SMM-08-K-01-020.

References

1. Gerdun, V. & Sedmak, T. & Sinkovec, V. & Kovse, |. & Cene, B. Failures of bearings and axles
in railway freight wagons. Engineering Failure Analysis. 2007. Vol. 14(5). P. 884-894.

2. Hoeprich, M.R. Rolling-element bearing internal temperatures. Tribology Transactions. 1996.
Vol. 39. P. 855-858.

3. Holm-Hansen, B.T. & Gao, R.X. Structural design and analysis for a sensor-integrated ball
bearing. Finite Elements in Analysis and Design. 2000. Vol. 34(3-4). P. 257-270.

4. Howard, I. A review of rolling element bearing vibration Detection, Diagnosis and Prognosis.
Australia: DSTO Aeronautical and Maritime Research Laboratory. 1994.

5. Lunys, O. & Bureika, G. Riedmeny aSidéziy Silumokaitos procesai vaZiuojant geleZzinkelio
kreivémis. Mokslas — Lietuvos Ateitis. Transportas. 2013. Vol. 5. No. 5. P. 552-557.
[In Lithuanian: Heating processes of the axle-box of rolling-stock on railway track curves.
Science — Future of Lithuania. Transport Engineering].

6. Lunys, O. & Bureika, G. Investigation of Heat-Exchange Processes in the Axle-Boxes of Electric
Multi-Units. In: Proceedings of the 17" International Conference "Transport Means 2013".
Kaunas: Kaunas University of Technology. 2013. P. 75-78.

7. Lunys, O. & Subacius, R. Riedmeny asidéziy kaitimo temperatiiry kitimo tendencijos. Mokslas —
Lietuvos Ateitis. Transportas. 2012. Vol. 4. No. 4. P. 361-365. [In Lithuanian: Analysis of
tendencies towards changes in temperatures of railway vehicle axle-boxes. Science — Future of
Lithuania. Transport Engineering].

8. Wang, S. & Cusano, C. & Conry, T.F. Dynamic model of the torque and heat generation rate in
tapered roller bearings under excessive sliding conditions. Tribology Transactions. 1993. Vol. 36.
No. 4. P. 513-552.

9. Yagi, T. & Oda, Y. & Ishiduka, H. & Tahara, M. Fatigue design diagram for weld joints on
aluminum alloy carbody shells. Quarterly Report, Railway Technical Research Institute (Japan).
2007. Vol. 48(1). P. 15-21.

10. Barden Precision Bearings. Bearing failure: Causes and cures. Available at:
http://www.schaeffler.com/remotemedien/media/_shared_media/08_media_library/01 pu
blications/barden/brochure_2/downloads_24/barden_bearing_failures_us_en.pdf.

11. Choe, H.C. & Wan, Y. & Chan, A.K. Neural pattern identification of railroad wheel-bearing
faults from audible acoustic signals: comparison of FFT, CWT, and DWT features. Available at:
http://www.ece.tamu.edu/~akchan/Demo/paper_97.pdf.

12. NTN Bearing Corporation of America. Care and maintenance of bearings. Available at:
http://www.ntn.co.jp/english/products/catalog/pdf/3017E.pdf.

13. Stubbe, J.A. LabVIEW mini-expert to identify bearing defects automatically. Department of
Applied  Mechanics, Universite Libre De Bruxelles, Belgium. Available at:
http://www.ulb.ac.be/polytech/laborulb/bearing/bearing_miniexpert.pdf.

14. The Timken Company. Tapered roller bearing damage analysis. Available at:
http://www.timken.com/en-us/products/maintdiag/Documents/6347.pdf.

15. JloeOns, H.II. & bonmapenko, JIM. & Kopentok P.A. O BenmuunHe pabOThI HAa HarpeB
MOIINITHAKOB OYKC JTOKOMOTHBOB W BaroHoB. IIpobremsr mpubonozii. 2009. Vol. 3. P. 16-17.
[In Russian: Dovbnia, N.P & Bondarenko, L.M. & Koreniuk, R.A. The magnitude of the heating
bearing axle boxes of locomotives and wagons. Problems of Tribology].


http://www.ece.tamu.edu/~akchan/Demo/paper_97.pdf

114 O. Lunys, S. Dailydka, G. Bureika

16. Muponos, A.A. BupryanbHas Mojeib OSCKOHTaKTHOTO TEIUIOBOTO KOHTPOJIS OYKCOBBIX Y3JIOB
HOABWXHOTO coctaBa. Ipancnopm Ypana. 2008. Vol. 3. No. 18. P. 59-65. [In Russian:
Mironov, A.A. Virtual model of the contactless thermal control axle-boxes units of a rolling
stock. Transport of the Urals].

17. Muponos, A.A. IMutaunonHas Mojaenb GyHKIMOHUPOBAHUS allapaTypbl TEIJIOBOTO KOHTPOJIS
OYKCOBBIX Y3JIOB ITOJIBUJKHOTO COCTaBa. Ipancnopm, nayka, mexuuka, ynpasnenue. 2009. Vol. 5.
P. 8-14. [In Russian: Mironov, A.A. The imitating model of functioning of the equipment of the
thermal control of axle-boxes. Science and Technology in Transport].

18. Muponos, A.A. & O6pazinos, B.JI. & Murtiomies, B.C. & CanrtbixoB J[.H. TerioBoit KOHTpOIIb
OyKCOBBIX y31I0B MH(pakpacHo# omrukoit. Jlokomomus. 2008. Vol. 4. P. 29-32. [In Russian:
Mironov, A.A. & Obrazcov, V.L. & Mitiushev, V.S. & Saltykov, D.N. Thermal control axle-box
units infrared optics. Locomotive].

19. IMaBmroxoB, A.D. & MuponoB, A.A. & 3ankosuu, A.B. JluarHoctuueckas MoJIeNb
OCCKOHTAKHOTO TEIJIOBOTO KOHPOJST OYKC TOJABWXKHOTO coctaBa. Ipancnopm Ypana. 2008.
Vol. 3. No. 18. P. 59-65. [In Russian: Pavliukov, A.E. & Mironov, A.A. & Zankovich, A.V.
Diagnostic model of noncontact of the contactless thermal control axle-boxes of a rolling stock.
Transport of the Urals].

Received 15.08.2013; accepted in revised form 07.03.2015



	Olegas LUNYS*, Stasys DAILYDKA, Gintautas BUREIKA
	5. Lunys, O. & Bureika, G. Riedmenų ašidėžių šilumokaitos procesai važiuojant geležinkelio kreivėmis. Mokslas – Lietuvos Ateitis. Transportas. 2013. Vol. 5. No. 5. P. 552-557. [In Lithuanian: Heating processes of the axle-box of rolling-stock on railw...
	7. Lunys, O. & Subačius, R. Riedmenų ašidėžių kaitimo temperatūrų kitimo tendencijos. Mokslas – Lietuvos Ateitis. Transportas. 2012. Vol. 4. No. 4. P. 361-365. [In Lithuanian: Analysis of tendencies towards changes in temperatures of railway vehicle a...

