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WHEELSET AXLE WITH THE CAVITY OF UNIFORM CROSS
SECTION

Purpose. Due to operation in complex loading conditions, the rolling stock wheelsets should provide high reli-
ability, since the train traffic safety largely depends on them. Design and technical condition of wheelsets affect the
smoothness, intensity of forces generated by the interaction between the car and track, and the motion resistance.
Specificity of the axle operation consists in the fact that it undergoes the bending stresses under loading. These
stresses are unevenly distributed along the cross-sectional area, reaching the highest values in the outer fibers and
the minimal values in the internal ones. This aspect sets the problem of replacement of the uniform cross section
with the hollow cross section. The disadvantages of hollow axle design, which are used at the present time, should
include a significant manufacturing complexity of the variable section cavity. The purpose is to develop a modern-
ized design of the wheelset axle. Methodology. A construction of the hollow axle having an inner longitudinal cy-
lindrical through hole of the constant diameter throughout its length was proposed. The item is made of steel seam-
less tube. The inner surface of the tube is treated by mechanical means to remove the voltage concentrations in the
internal longitudinal cylindrical through hole, which has a constant diameter along the entire length of the axle.
Findings. Application of this design will facilitate manufacturing of the hollow axle and the machining of the inner
longitudinal through hole, while retaining all the use advantages of the hollow axle in the rolling stock wheel pairs.
Another use advantage of the hollow axle of this design is the absence of partial heterogeneity of the metal, which is
inevitably, occurs during the solid axles blanking. Originality. A new design of the wheelset hollow axle of railway
rolling stock was proposed. Practical value. Introduction of the new design simplifying the manufacture and me-
chanical treatment of the inner cavity of the wheel pair axle will bring significant economic benefits. According to
preliminary calculations, the use of the axle with the uniform cross section cavity will reduce the metal consumption
by 100-110 kg.

Keywords: wheelset; solid axle of wheelset; hollow axle of wheelset; railway rolling stock; railway car, un-
sprung weight of car

Introduction The scale assessment of the global market for
railway wheelsets made by All Russian Market
Research Institute based on data for the production
of cars (about 100 thousand per year) and their
park (more than 4 million pieces), taking into ac-
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One of the most popular and large-capacity rail
purposed metal products is the production of
wheelsets for rolling stock.
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count the needs in repair and modernization of the
fleet, shows that each year about 1.500 thousand of
wheelsets are produced worldwide. According to
assessment of All Russian Market Research Insti-
tute based on the statistics of UN and UNECE, and
data of national statistics in several countries [4],
the total physical volume of production of these
products in the world at the moment is about 1.5
million tons per year.

Due to operation in complex loading condi-
tions, the wheelsets should provide high reliability
[9, p. 3], since the train traffic safety largely de-
pends on them. Therefore the special, high stan-
dardization requirements are imposed on them.
They are regulated by the Rules of Technical Op-
eration of the Railways, the Specifications on the
inspection, repair and forming of car wheelsets and
other regulations for the design, construction and
maintenance.

The issues of the design, construction, manu-
facturing, quality control and maintenance of the
wheelset axles abroad are clearly regulated by the
European standardization documents. High-speed
train traffic, increase in the number of passenger
and freight transportations and other factors re-
quired the creation of new standards for the wheel-
sets of solid and hollow shafts of rolling stock too:
1) Railway applications — Wheelsets and bogies —
Non powered axles — Design method; German ver-
sion EN 13103:2009 + A2:2012; 2) Railway appli-
cations — Wheelsets and bogies — Powered axles —
Design method; German version EN 13104:2009 +
A2:2012; 3) Railway applications — Wheelsets and
bogies — Axles — Product re-quirements; German
version EN 13261:2009 + A1:2010, etc.

At the same time F. Murawa in his research
emphasizes that the constant striving to increase
the environmentally safe and cost-efficient railway
transportations involves not only the strict adher-
ence to technical standards, but also the opportuni-
ties for innovations and new solutions [13].

Design and technical condition of wheelsets af-
fect the smoothness, intensity of forces generated by
the interaction between the car and track, and the
motion resistance. These issues are discussed by
scientists and practitioners from different countries.
Thus, M. Novosad, R. Fajkos, B. Reha and R. Rez-
nicek [12], S. Myamlin, V. Horobets and A. Bon-
darev [6] in their articles emphasize the importance
of testing for fatigue failure of the wheelset axle
metal. S. Beretta, M. Carbonia and other researchers
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[11], developing the given subject, research, corro-
sion-fatigue failure of steels. D. Dani-lov and
A. Andreyev [2] study the stress-strain state of the
car wheelset when driving on the straight and
curved track sections, taking into account the impact
of wind load by means of PC ANSYS. L. Luben-
skaya [5] describes a method for increasing the per-
formance properties of wheelset axles due to the
hardening of their surface. At the same time, in spite
of the number of studies on this issue, the problem
of significant increase in performance properties of
wheelset axles up to this day is still unresolved.

Purpose

The purpose of the work is to create a design of
wheelset axle that will satisfy a number of basic
requirements. The requirements are: 1) the avail-
ability of sufficient strength with minimum un-
sprung weight that is dictated by the need to reduce
the empty weight of the rolling stock and reduce
the direct impact on the rail track and the car ele-
ments during the passage of rail track irregulari-
ties; 2) provision (together with axle boxes) of the
lesser resistance during the car moving and the
greater resistance to the wear of elements undergo-
ing the wear during operation.

Methodology

Specificity of the axle operation consists in the
fact that it undergoes the bending stresses under load-
ing. These stresses are unevenly distributed along the
cross-sectional area, reaching the highest values in
the outer fibers and the minimal values in the internal
ones. This aspect sets the problem of replacement of
the uniform cross section by the hollow cross section
without notable increase in the overall dimension.
But it should promote the weight reduction as com-
pared to the axle of uniform cross section.

It was found that the endurance limit in all parts
of the hollow axles is not lower and the sensitivity
to stress concentration is lesser than that of the
standard solid axles [1, p. 94]. The carrying capac-
ity, which is estimated by the endurance limit
product at the moment of the cross section resis-
tance to the bending in the wheel seat of the hollow
axle is 15% higher than this figure for the compa-
rable solid axle.

Therefore the designs and technologies of the
hollow axles manufacturing using the method of
helical rolling [10] (Fig. 1) are developed.

© S. R. Kolesnykov, M. R. Romaniukha, I. Yu. Kebal, 2014
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Fig. 2. Wheelset axle with a cavity of uniform cross section:
1 — inner longitudinal through cylindrical hole of constant diameter throughout the length of axle; 2 — neck
of the hollow axle for bearings; 3 — prewheel seat; 4 — wheel seat; 5 — hollow axle body

Technical and economic advantages of the
wheelsets with hollow axes are defined by the fol-
lowing parameters [3]:

1) decrease in the metal consumption;

2) reduction of the empty weight ratio and in-
crease of the car capacity (without changing the
load from the wheel on the rail);

3) cost reduction for the non-productive trans-
portation of the empty weight of cars;

4) reduction of forces of the dynamic interac-
tion of rolling stock and track due to the reduction
of the unsprung weight of cars.

The disadvantages of such structure should in-
clude significant manufacturing complexity of the
cavity of variable cross-section. Internal configura-
tion of the designed hollow axle is a longitudinal cy-
lindrical hole with the same diameter in the middle
part and wheel seat. It radially passes into the hole in
the form of truncated cones in the prewheel seat with
smaller bases to the openings of axle necks.

In turn, the openings in the necks of hollow
axle are also in the form of truncated cones. The
larger bases of these cones are directed to the butt
ends of the axle or the cylindrical ones in case the
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necks forming in the black collar axle is made
without a drawbar or mandrel. Smaller bases of the
truncated cones of the wheel seat parts and the
necks are mated together smoothly along the ra-
dius. Longitudinal holes in the necks at the butt are
ended by the center holes with a protection cone.
Through the holes all the internal surface of the
blanks is descaled with the steel shot. As a result
the surface layer from the inner side of the axle is
somewhat strengthened due to work hardening.

Thus, the technical task, which would allow the
efficient use of the hollow axles, is to develop the
structure facilitating the manufacturing and ma-
chining of the inner cavity.

The specialists of Planning and Design Techno-
logical Office of the Rolling Stock, Track and the
man-made structures of the Dnipropetrovsk Na-
tional University of Railway Transport named after
Academician V. Lazaryan (Ukraine) have devel-
oped the hollow axle construction with internal
longitudinal through cylindrical hole of the con-
stant diameter throughout length (Fig. 2).

The item is made of steel seamless tube. The
inner diameter of this tube should be a little
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smaller than the diameter of inner longitudinal
through cylindrical hole, when the outer diameter
of the is somewhat larger than the diameter of
wheel seat part. The outer surface of the tube is
welted to the diameters equal to the diameters of
necks dor the bearings, prewheel seat, wheel seat
and the hollow axle body. The inner surface of the
tube is treated by mechanical means to remove the
voltage concentrations in the internal longitudinal
cylindrical through hole, which has a constant di-
ameter along the entire length of the axle.

Another use advantage of the hollow axle of this
design is the absence of partial heterogeneity of the
metal, which is inevitably, occurs during the solid
axles blanking [8]. Black collar solid axles are made
of axle billet or directly from the steel ingots by
forging, stamping, screw rolling or radial-rotational
deformation [7]. With such production method the
metal heterogeneity often leads to the radial runout,
which is corrected by the labor-consuming balanc-
ing on the special stands. Applying the same all-
rolled metal to produce the hollow axles eliminates
this problem, when the manufacturing technology of
the cavity with the same diameter throughout the
length of the axle allows a conducting finishing cut
of the surface with the exact accuracy that further
improves the item balancing.

It should be also noted that due to the increase
in the outer diameter of the axle neck, increases the
inner diameter of the axle box bearings. Thus, to
provide the necessary contact area for load transfer
from the body car to the axle, the bearing width
decreases. This prevents significant increase in
weight and material costs for the axle box of the
wheelset.

Findings

During the study the variants of wheelset axles
were analyzed and the use advantages of the hol-
low axles were illustrated. The authors have devel-
oped the design of axle with the cavity of uniform
cross-section, which would simplify the production
of the item.

Originality and practical value

The authors have proved the need to improve
the hollow axle of the wheelset and developed its
new design. Production of wheelset axle with the
cavity of uniform cross-section simplifies the hol-
low axles manufacturing. According to preliminary
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calculations, the use of the axle with the cavity of
uniform cross-section would reduce the metal con-
sumption by 100-110 kg.

Conclusions

As a result of the study the authors have found
that for a significant increase in performance prop-
erties of the wheelset axles is necessary:

1) Creation of the wheelset design, having suf-
ficient strength with minimum unsprung weight in
order to reduce the empty weight of rolling stock
and to reduce the direct impact on the rail track and
the car elements during the passage of the rail track
irregularities;

2) Ensuring (together with the axle boxes) the
lesser motion resistance and larger wear resistance of
the elements undergoing the wear during operation;

3) Application of the construction proposed by
the authors, simplifies the manufacturing of the
hollow axle and the machining of the inner longi-
tudinal through-hole, while retaining all the use
advantages of the hollow axle in the wheelsets of
the rolling stock.
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OCbh KOJECHOM MMAPHI C TOJIOCTHIO IOCTOSSHHOI'O CEYEHUS

Hess. BenepcTBue sKCIuTyaTanivi B CIOXKHBIX YCIOBHSAX HArpy)KEHHS KOJECHBIE Maphl MOABIKHOTO COCTaBa
KEJIE3HBIX TOPOT JOJDKHBI 00ECTIEYNBATh BEICOKYIO HaEKHOCTh, TAK KaK OT HUX BO MHOTOM 3aBHCHT 0€3011aCHOCTb
JABHXKCHUA I1OE3/10B. KOHCprKLIl/ISI M TEXHUYECKOE COCTOSHHUE KOIECHBIX nap OKa3bIBAalOT BJIMAHHUEC Ha IJIABHOCTH
Xo4a, BCJIWYUHY CHJI, BO3HHUKAIOIUX IIPpU B38HMO)1€FICTBHI/I Barona " MnyTu, U COIPOTUBJICHUC JIBHKCHUIO.
Crneunduka paboThl OCH 3aKJIIOYAaeTCs B TOM, YTO IIPU HArpy>KEHWH OHA WCIBITHIBACT M3THMOHBIC HAIPSDKEHHMS,
KOTOpBIE MO IUIOMIAH TOIEPEYHOr0 CEUEHHs PacHpeAeNIIOTCS HEPaBHOMEPHO, MOCTHras HauOONIbIINX 3HAUYCHHUH
B Hapy>XHbIX U HAUMEHBIINX — BO BHYTPEHHUX BOJIOKHAX. JTO OOCTOSTENBCTBO CTABUT 3aJlauy 3aMEHbI CIIJIOIIHOTO
cedeHus ocu nonbiM. K HemoctaTkaM KOHCTPYKLUM IOJIBIX OCEH, IPUMEHSEMBIX B HACTOSILEE BpeMs, CIEHYeT
OTHECTH 3HAYUTEIBHYIO CIOKHOCTH W3TOTOBIICHHS IIOJIOCTH MEPEMEHHOTO cedeHws. Llenmpio paboThl sBIsEeTCS
CO37JaHl€ MOJEPHU3UPOBAHHON KOHCTPYKIIMHU OCH KOJIECHOHM napbl. Metoauka. IlpeanosxeHa KOHCTPYKLMS IOJION
OCH, UMEIOIIeH BHYTpEeHHEE MTPOAOIEHOE CKBO3HOE OTBEPCTHE IMIIMHAPIHYECKON (DOPMBI MTOCTOSTHHOTO THAMETpPa I0
Bcell anmHe. JleTanp M3roTaBIMBAeTCS M3 CTAIBHOM LETHHOKATaHOW TPyOBl. BHYTpEHHIOIO MOBEPXHOCTH TPYOBI
00pabaThIBAIOT MEXaHUYECKUM CIIOCOOOM ISl CHATHS KOHIIEHTPAIM HANpsDKeHHH BO BHYTPEHHEM IPOIOIHHOM
CKBO3HOM OTBEPCTHH LMJIMHIAPUYECKON (DOPMBI, KOTOPHIH HMMEET IMOCTOSHHBIN AMaMeTp MO BCEH UIMHE OCH.
PesyabTarsl. [IpuMeHeHHE 1aHHON KOHCTPYKIUY II03BOJUT YIIPOCTUTH U3TOTOBJICHUE II0JIOM OCU U MEXAHUYECKYIO
00paboTKy BHYTPEHHETO ITPOIOIHLHOTO CKBO3HOTO OTBEPCTHSI, COXPAHsisl IIPU 3TOM BCE NMPEUMYILECTBA TIPUMEHEHUS
II0JIOM OCH B KOJIECHBIX Iapax MOABUXKHOIO cocTasa. Enie 0qHUM NpeuMyIecTBOM IPUMEHEHUS II0JI0OM OCU JaHHOMI
KOHCTPYKLIUU SIBJISIETCS OTCYTCTBHE YaCTUYHOM HEOMHOPOJHOCTH MeETallla, HEU3MEHHO BO3HUKAIOUIEH IpH
NIPOM3BOJICTBE 3aroTOBOK CIUIOMIHBIX oceld. Hayunasi nHoBu3Ha. PazpaboTaHa HOBas KOHCTPYKIHMS IIOJIOH OCH
KOJIECHOM TIaphl MOJBMXKHOTO COCTaBa jkeJe3HbIX jopor. IlpakTuyeckass 3Ha4YuUMOCTh. BHeapeHne HOBOM KOH-
CTPYKIINH, YIIPOUIAIONIEH M3TOTOBICHHE M MEXaHHYECKYI0 00pabOTKy BHYTPEHHEH MOJOCTH OCH KOJECHOW Iapel,
MIpUHECET 3HAYUMBIN dKoHOMHYecKHi 3(pdekt. CornacHo mpeaBapuTeN-HBIM pacdeTaM MpUMEHEHHe OcH 4 ¢ T0JIo-
CTBIO MTOCTOSIHHOTO CEYEHUS MO3BOJIUT CHU3HUTH pacxoa Metaia Ha 100110 kr.
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BICh KOJIICHOI TAPH 3 IIOPOKHUHOIO NOCTIMHOI'O MEPEPI3Y

Meta. BHacnifok ekcruryaTaiii B CKJIaJHUX yMOBaX HaBaHT)KEHHS KOJICHI Mapy pyXOMOTO CKJIaJy 3ali3HHUIb
MIOBUHHI 3a0e31evyBaTi BUCOKY HaJlIHICTb, TaK SIK BiJl HUX 0arato B 4OMYy 3aJIeXHTh Oe3leka pyxy noizzis. KoHe-
TPYKIisl T2 TEXHIYHUH CTaH KOJICHUX Iap BIUIMBAIOTH HA IUIABHICTH XOJY, BEJIMYUHY CHJI, III0 BUHUKAIOTH IIPH B3a-
€MOJIi1 BaroHa Ta KoJii, a Takox omip pyxy. Crnenundika podoTH oci mondrae B TOMy, IO IPYW HABAaHTaKEHHI BOHA
BiJUyBa€ HANpPYTH BUTHHIB, AKi 32 IDIOMICIO IOIEPEYHOTO Mepepi3y pO3MOMIIAIOTECS HEPIBHOMIPHO, JOCSATAIOUYN
HaMOLIPIINX 3HAYCHD Y 30BHIIIHIX 1 HAMMEHIINX — Y BHYTPIMIHIX BONOKHaX. L[ oOcTaBHHA CTaBUTH 3a/1aqy 3aMiHU
CYLIIBHOTO TIepepizy OCi MOPOKHUCTHM. J[0 HEIOMIKiB KOHCTPYKIIii TOPOKHUCTHX OCel, BKMBAaHMUX Yy AaHUI dac,
CIiJl BIAHECTH 3HAYHY CKJIAIHICTh BHUTOTOBJICHHS MOPOXHWHHU 3MIHHOTO Tepepizy. MeToio poOoTH € CTBOpEHHS
MOJIEPHI30BaHOI KOHCTPYKII oci KoxicHoi mapu. MeTtoanka. 3arponOHOBAHO KOHCTPYKIIIO MOPOKHHUCTOI OCi, 110
Ma€ BHYTPIIIHIM MO3/I0BXHIH HAcKpi3HUWA OTBIp LMIIHAPUYHOI (OpMH MOCTIHHOrO AiaMeTpa Mo BCiil OBXKHHI.
Jletayib BUTOTOBIISIETHCS 31 CTAEBOI CyllJIbHOKaTaHOT TpyOH. BHYTpilIHIO TOBEpXHIO TpyOU 00pOOIISIOTH MEXaHiu-
HHUM CITIOCOOOM JIJIsl 3HSTTSI KOHIIEHTpaLiil HAalpy)XeHb Y BHYTPIIIHbOMY HO3/I0B)XHBOMY HAaCKPi3HOMY OTBOPI LIMJIi-
HApPUYHOI (HOpMHU, SIKMH Mae MOCTiHMIT KiameTp 1o Bciii JoBxkuHI oci. Pe3yabTaTn. 3acrocyBaHHs 1aHOT KOHCTPY-
KIiT 103BOJINTH CIIPOCTUTH BUTOTOBJICHHS ITOPOXKHUCTOI OCI Ta MEXaHIuHy OOpOOKY BHYTPIIIHBOTO HO30BXXHBOTO
HAaCKpi3HOTO OTBOpY, 30epirawyu Hpu IIbOMY BCi Ie€peBard 3acTOCYBaHHs ITOPOXHUCTOI OCi B KOJICHHX Hapax
pyxomoro ckiaxny. llle ommielo TepeBaror 3acTOCYBaHHS ITOPOXKHHCTOI OCi JaHOi KOHCTPYKIIi € BiACYTHICTH
YaCTKOBOI HEOJHOPOJHOCTH METaly, IO HE3MIHHO BHHUKAE€ TPH BUPOOHUIITBI 3arOTOBOK CYIIIBHHX OCEH.
HaykoBa HoBu3HA. Po3p0o06ieHO HOBY KOHCTPYKIIiIO MTOPOKHHUCTOI OCi KOJICHOI apy PyXOMOTO CKJIaxy 3ali3HUIb.
IIpakTnyHa 3HaYMMicTb. BripoBaykeHHS HOBOI KOHCTPYKIIii, IO CIPOIIy€ BUTOTOBICHHS Ta MEXaHIYHY 00pOOKy
BHYTPIIIHBOI MMOPOKHUHM OCi KOJIICHOI Mapu, MpUHEeCce 3HAYYITHH eKOHOMIYHHN e(eKT. 3riAHO 3 MonepeIHiMH po3-
paxyHKaMH 3acTOCYBaHHsS OCi 3 IOPOXXHHUHOIO IIOCTIHOTO NEPETUHY NO3BOJIUTH 3HU3MTH BUTpPATy MeETaly Ha
100-110 kr.

Kniouosi cnosa: xonicHa mnapa; CylilibHa BiCh KOJIICHOT IIapH; MMOPOXKHUCTA BICh KOJICHOI Mapu; PyXOMHIA CKIia
3aJTiI3HUIb; 3aJII3HUYHUIN BaroH; Oe3MpyKMHHA Maca BaroHa
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