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(54) Title: RAILWAY WHEEL 

(54) Ha3BaHHe H306peTeHHHI: )EJIE3HOAOPO)HOE KOJIECO 

H (57) Abstract: The invention relates to transport engineering, more specific
ally to wheels for railway vehicles. On the outside surface of the disk of the 

2 railway wheel, the radii of the first and second outside radii of curvature 
are from 0.04 to 0.05 of the rim diameter. The radius of the third outside 
radius of curvature is from 0.08 to 0.1 of the rim diameter. The radius of 
the fourth outside radius of curvature is from 0.07 to 0.09 of the rim dia
meter. For the inside surface of the disk, the radius of the first inside radius 

A of curvature is from 0.08 to 0.1 of the rim diameter. The radii of the 
H- second and third inside radii of curvature are from 0.06 to 0.08 of the rim 
H2 diameter. The radius of the fourth inside radius of curvature is from 0.04 to 

0.06 of the rim diameter, wherein a first point is offset from the median 
6 H3 7 plane in a direction away from the flange by a distance of not more than 

0.08 of the width of the rim. A centre point is offset from the median plane 
by a distance in a range of from 0.35 to 0.4 of the width of the rim, and a 
second point is offset from the median plane in a direction towards the 
flange by a distance of not more than 0.1 of the width of the rim. The ratio 

T2 of the thickness of the disk at the first point to the thickness of the disk at 
the second point is from 0.7 to 1.1, and the ratio of the thickness of the 
disk at the centre point to the thickness of the disk at the second point is 
from 0.7 to 0.9. The result is the low-stress state of the wheel under the ef
fect of different types of working loads, a minimal mass, and a satisfactory 
degree of lateral deformation of the rim under thermal stress.  

(57) PeqpepaT: 
-__ _ __ _ _ [npoooioceuue na ciebyioted cmpanuye]
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(84) YiaHH e rocylapcTBa (ec.7u ue yxasano unaqe, oan c omqjmom o meacoyHapooHom noucxe (cmambR 21.3) 

Kamcooo euoa peeuonailuono oxpanbi): ARIPO (BW, - do ucmeqenu cpoxa 4vz u3eneuz <popsyn7t 

GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, u3o6pemenuq u c noemopon ny6zuxauuen 6 cayqae 

TZ, UG, ZM, ZW), eBpa3HNCKHN (AM, AZ, BY, KG, KZ, nonyqenuw u3enenua (npaeuzo 48.2(h)) 
RU, TJ, TM), eBpoueiCKNi HaTeHT (AL, AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, Fl, FR, GB, GR, HR, HU, 

H3o6peTeHHe OTHOCHTC K TpaHCHOpTHOMy MamHHOCTpoeHHIO, B MaCTHOCTH K KOJICaM KceIIe3HO9OpOxKHlIX 
TpaHCHOpTHbIX cpegcTB. Ha HapylHON HOBepXHOCTH AHCKa KceJie3HOOpOxKHoe KOHIeCO pagHyChI HepBON H BTOpON 

HapyxKHIX paAHyCHIIX KpHBhIX COCTaBJIIOT OT 0,04 go 0,05 AaMeTpa Kpyra KaTaHH. PaAHyC TpeTeN HapyxcHON 

pagHyCHON KpHBON COCTaBImCT OT 0,08 9o 0, 1 AHaMeTpa Kpyra KaTaHH. PaAHyC eTBepToN HapyKHON pagHyCHON 

KpHBON COCTaB1AeT OT 0,07 40 0,09 AHaMeTpa Kpyra KaTaHH. AJIM BHyTpeHHrN HOBepXHOCTH AHCKa pagHyC nepBON 

BHyTpeHHCrN paAHyCHON KpHBON COCTaBJIRCT OT 0,08 9O 0,1 AHaMeTpa Kpyra KaTaHH. PaAHyCl BTopoN H TpeTeN 

BHyTpeHHHX pagHyCHIIX KpHBhIX COCTaBIJIIOT OT 0,06 go 0,08 AHaMeTpa Kpyra KaTaHH. PaAHyc eTBepToN 

BHyTpeHHCrN pagHyCHON KpHBON COCTaBJICT OT 0,04 g0 0,06 AHaMeTpa Kpyra KaTaHH, HpHMCM HepBa TOMKa 

cMeIeHa Ha paCCTOrHHe He Gonee 0,08 MHpHHlI 06oa OT IleHTpaJIlHON HJIOCKOCTH B HpOTHBOHOJIOKHOM K vpe6Ho 

HaHpaBJIeHHH. ieHTpaJIlHa TOMKa cMeeIHa OT IueHTpaJlhHON HIJIOCKOCTH Ha paCCTOSHHC B HHTepBaJIC 3HaeHHN OT 

0,35 go 0,4 mJpHHI o6oa, a BTOpa TOMKa cMeIeHa Ha paCCTOrHHe HOe Gonee 0, 1 MHpHHI o6o a OT IUeHTpaJlhHON 

HJIOCKOCTH B HRipaBJICHHH K rpe6HIO. COOTHomeHHe TOJIHIHHlI AHCKa B HepBON TOMKe K TOIIHIHHC AHCKa BO BTOpON 

TOMKC COCTaBICT OT 0,7 g0 1,1, a cooTHomeHHe TOJmIHHI AHCKa B IeHTpaJIlHON TOMKe K TOJIHHI BO BTOpON TOMKC 

COCTaBJIRCT OT 0,7 go 0,9. IOCTHFaeTCq HH3KOHanpeHHoe COCTOSHHe KoJIeca OT NeHCTBH pa3JIHHiHIX BHAOB 

3KCHJIyaTaIHOHHIX HaFpy30K, MHHHMaJIhHN MaCCl H yA0BJIeTBOpHTeJIlHO cTeHeHH 6KOBON ge4(OpMajHH o6o a 

HpH TeHIJIOBOM HaFpyKceHHH.



RAILWAY WHEEL 

FIELD OF THE INVENTION 

The invention relates to transport engineering, in 

particular to railway wheel design.  

BACKGROUND 

Railway wheels used in different countries have differences 

in design which are associated with operation conditions of 

rolling stock, designs of cars and locomotives as well as with 

certain traditions developed in the production of wheel sets and 

their operation in railway transport. Alongside with that, a 

wheel in any case consists of three main parts: a rim, a hub and 

a web.  

The choice of shape of a wheel web is the most important 

task to provide wheel basic performance characteristics such as 

weight, stiffness and load capacity.  

Wheels with webs of different design are known in world 

practice, the design being often dictated by size and a mutual 

position of the rim relative to the hub. The present invention 

is intended for use in the European railway system, where the 

most widely used are standard wheels with tangential web 

profile, so-called ORE-wheels, which are currently used for 

loads up to 22.5 tnf per axle of a wheel set. This wheel design 

has high levels of stresses under thermal loads arising from 

friction of wheels against brake shoes, as well as mechanical 

loads acting on the wheel when it runs on curved sections of the 

track. In addition, a significant drawback of the ORE-wheels is 

their high weight.



The railway wheel design according to the patent DE 3 117 

572 is known with a bell-shaped web, where the midline is 

determined by a cosine function, which received wide circulation 

in the European railways at maximum loads up to 23.5 ton-forces 

(tnf) per axle of a wheel set. The present design has minimum 

weight among all known analogues. However, in order to use the 

present wheel design for higher axle loads an increase in the 

thickness of the web and walls of the hub is required hereupon 

the advantage of the lower weight of the wheel is lost.  

One solution variant of the present problem is described in 

the invention EP 1 470 006 taken as a prototype of the present 

invention, where the transverse profile of the wheel web is 

located around the theoretical midline passing through three 

characteristic points, while the indicated first point in the 

place of matching the web with the rim and the indicated second 

point in the place of matching the web with the hub are located 

in the same plane which is perpendicular to the axis of wheel 

rotation and is offset from the central plane towards the 

external surface of the wheel rim. The distance between said 

plane and the indicated central point of the theoretical midline 

of the wheel web is maximum 0.5 of the wheel rim width. The 

advantage of this design is the possibility of increasing the 

thickness of the web in the zone in which it matches the hub, 

where the level of stresses caused by mechanical loads is high, 

but the weight of the present structure and the level of 

stresses from thermal loads is greatly increased in comparison 

with the wheel according to the patent DE 3 117 572. The wheels



of the present design are not widely used.  

SUMMARY OF THE INVENTION 

The present invention is directed to selecting the optimal 

shape of the wheel web that can provide enhanced performance 

characteristics of railway wheels, namely: 

- the low-stressed state of the wheel from the action of 

operating loads; 

- the possibility of use at maximum load higher than 23.5 

tnf per axle, while ensuring minimal structural weight among all 

known analogues; 

- the low degree of lateral deformation of the wheel rim 

during its heating in the process of friction against the brake 

shoes and subsequent cooling.  

Thus, according to a first aspect of the invention, there 

is provideda railway wheel having a central plane perpendicular 

to an axis of rotation of the wheel which includes a rim formed 

by a tread surface and a flange, and also includes a hub and a 

web formed by external and internal surfaces and made in such a 

way that a theoretical midline of a transverse web profile 

passes through a first point located in a place of matching the 

web with the rim, a central point where the theoretical midline 

has maximum offset from the central plane in a direction 

opposite to the flange, and a second point located in a place of 

matching the web with the hub, wherein an external surface of 

the web is formed on a rim side by a first external radius curve 

and on a hub side by a second external radius curve with a 

curvature that coincides in a direction with the curvature of



the first external radius curve, said curves matching each other 

in a central part of the web by a third, on the rim side, and a 

fourth, on the hub side, external radius curves with a curvature 

opposite to the direction of the curvature of the first and 

second external radius curves, while an internal surface of the 

web is formed on the rim side by a first internal radius curve 

and on the hub side by a second internal radius curve with a 

curvature that coincides to the direction of the curvature of 

the first internal radius curve, said curves matching each other 

in the central part of the web by the third, on the rim side, 

and the fourth, on the hub side, internal radius curves with the 

curvature opposite to the direction of the curvature of the 

first and the second internal radius curves, wherein 

radiuses of the first and the second external radius curves 

for the external web surface are from 0.04 to 0.05 of a tread 

diameter, the radius of the third external radius curve is from 

0.08 to 0.1 of the tread diameter, the radius of the fourth 

external radius curve is from 0.07 to 0.09 of the tread 

diameter, and the radius of the first internal radius curve for 

an internal web surface is from 0.08 to 0.1 of the tread 

diameter, radiuses of the second and the third internal radius 

curves are from 0.06 to 0.08 of the tread diameter, the radius 

of the fourth internal radius curve is from 0.04 to 0.06 of the 

tread diameter, wherein the first point is offset to a distance 

not more than 0.08 of the rim width from the central plane in 

the direction opposite to the flange, the central point is 

offset from the central plane to a distance within a range of



values from 0.35 to 0.4 of the rim width, and the second point 

is offset to a distance not more than 0.1 of the rim width from 

the central plane towards the flange, while a ratio of a web 

thickness at the first point to a web thickness at the second 

point is from 0.7 to 1.1 and the ratio of a web thickness at the 

central point to the web thickness at the second point is from 

0.7 to 0.9.  

During operation of the shoe brakes, the wheel is able to 

absorb repeated cycles of thermal loading of 55 kW for 45 

minutes without any adverse effects with respect to the rim 

deformation degree when the rim is heated and then cooled.  

Besides, the ratio of the web thickness at the first point to 

the web thickness at the second point within a range of from 0.7 

to 1.1 and the ratio of the web thickness at the central point 

to the web thickness at the second point within a range of from 

0.7 to 0.9, along with the web configuration above, make it 

possible to strengthen the most stressed parts of the wheel in 

places where the web matches the rim and the hub, thereby to 

provide the possibility to use the wheels at a maximum load of 

above 23.5 tnf per axle with the structure weight being by 5 to 

10 % lower than that of all known analogues.  

Selection of other values for radiuses of curves which form 

the external and internal surfaces of the web of the wheel 

having said configuration, intervals and directions of offsets 

of the characteristic points of the web theoretical midline from 

the central plane, as well as the ratios of thicknesses in these 

points do not allow accomplishment of an optimal combination of



the low-stressed state of the wheel design under action of 

various kinds of operating loads, the minimum weight and the 

satisfactory degree of lateral rim deformation under thermal 

loading.  

BRIEF DESCRIPTION OF THE DRAWINGS 

The essence of the invention is explained by following 

drawings and diagrams, wherein: 

Fig. 1 is a radial section of a railway wheel; 

Fig. 2 is a diagram for comparative estimation of 

mechanical properties of the claimed design and prior art 

designs of railroad wheels; 

Figs. 3a, 3b and 4a, 4b are diagrams for comparative 

estimation of thermomechanical properties of the claimed design 

prior art designs of railroad wheels.  

DESCRIPTION OF PREFERRED EMBODIMENTS 

The railway wheel shown in Fig. 1 has a central plane P 

perpendicular to a rotation axis Z of the wheel that includes a 

rim 1 formed by a tread surface 2 and a flange 3, and includes a 

hub 4, and a web 5 formed by external 6 and internal 7 surfaces 

and designed in such a way that a theoretical midline 8 of a web 

cross profile passes through a first point A located in the 

place of matching the web with the rim 1, a central point C 

where the theoretical midline 8 has maximum offset from the 

central plane P in a direction opposite to the flange 3, and a 

second point B located in the place of matching the web 5 with 

the hub 4. The specified central plane P of the wheel web 5 

passes through the wheel rim 1 in the place where a tread



diameter D is measured.  

The external surface 6 of the web 5 is formed on the rim 1 

side by a first external radius curve R1 and on the hub 4 side 

by a second external radius curve R2 with a curvature that 

coincides in a direction with the curvature of the first 

external radius curve R1, said curves matching each other in a 

central part of the web by a third R3, on the rim 1 side, and a 

fourth R4, on the hub 4 side, external radius curves with a 

curvature opposite to the direction of curvature of the first R1 

and second R2 external radial curves, and the internal surface 7 

of the web 5 is formed on the rim 1 side by a first internal 

radius curve R5 and on the hub 4 side by a second internal 

radius curve R6 with a curvature that coincides to the direction 

of the curvature of the first internal radius curve R5, said 

curves matching each other in the central part of the web 5 by a 

third R7, on the rim 1 side, and a fourth R8, on the hub 4 side, 

internal radius curves with a curvature opposite in the 

direction of the curvature of the first R5 and second R6 

internal radial curves.  

The first point A is offset to a distance Hi not more than 

0.08 of a rim width H from the central plane P in the direction 

opposite to the flange 3, the central point C is offset from the 

central plane P to a distance H2 from 0.35 to 0.4 of the rim 

width H, and the second point B is offset to a distance H3 not 

more than 0.1 of the rim width H from the central plane P 

towards the flange 3.  

A ratio of a thickness Ti of the web 5 at the first point A



to a thickness T2 of the web 5 at the second point B is from 0.7 

to 1.1, and a ratio of a thickness T3 of the web 5 at the 

central point C to a thickness T2 at the second point B is from 

0.7 to 0.9.  

According to the invention, selection of an optimal shape 

of the wheel web is performed using the finite element analysis 

of different variants of the designs according to techniques 

described in UIC 510-5 standard and UIC B 169/RP 17 report that 

make it possible to determine the stress-strain state of the 

wheel from action of mechanical and thermal loads mostly 

critical in operation.  

As a result of computations performed in accordance with 

requirements of EN 13979-1, the claimed design, as shown in Fig.  

2, has fatigue strength characteristics of the web which are 

better as compared to the designs of similar purpose wheels 

VAZ14/324 and VAZ18/319, along with provision for a structural 

weight that is lower by 7 and 19 kg, respectively 

The analysis of the state of the art conducted by the 

Applicant that included search of patent and research-and

technology sources of information and detection of sources that 

contain data on analogues of the claimed invention showed that 

the applicant did not find an analogue characterized by the 

features identical to all essential features of the claimed 

invention.  

In the process of determination of a prototype from among a 

list of detected analogues a set of essential characteristic 

features of the claimed Railway Wheel with respect to the target



technical result was identified that are described in the 

claims.  

Results of computer simulation of bench tests at 

application of brakes to wheels, as shown in Figs. 3a, 3b and 

4a, 4b and performed in accordance with UIC B 169/RP 17, 

characterize the claimed design by the degree of lateral 

deformation of the rim and the level of stresses in the wheel 

comparable with that in the existing analogues.  

The analysis of the prior art conducted by the Applicant 

and including the search through patent and scientific-and

research references, and the detection of references containing 

information about analogues of the present invention make it 

possible to establish that the Applicant could not detect an 

analogue defined by features adequate (identical) to all 

essential features of the claimed invention.  

Definition of the prototype from the list of detected 

analogues allowed detection of the combination of features 

essential with respect to the discerned technical result in the 

claimed "Railway Wheel" and stated in the set of claims.  

The search results showed that the claimed invention does 

not explicitly appear for an expert from the prior art 

determined by the Applicant, and no influence of transformations 

provided for by the essential features of the claimed invention 

on accomplishment of the technical result was detected.  

The proposed invention can be used for all models of 

railway transportation facilities vehicles that use shoe brakes, 

especially for railroad freight cars, leading vehicles and



locomotives. Good consistency of fatigue strength in critical 

zones of the wheel - in the places of wheel web transition to 

the hub and to the rim - permits use of the present design also 

for the railway transport where disc brakes are used instead of 

shoe brakes, as is the case with regard to passenger cars.  

According to the invention, a wheel can be manufactured from 

steel of any quality used in the railroad industry, and produced 

in accordance with well-known technical requirements and 

standards by rolling, forging or casting.  

Theoretical studies and testing of railway wheels with the 

web configuration according to the claimed set of claims with 

respect to freight cars for the European railway system have 

shown compliance with all safety requirements and the ability to 

provide the optimal level of performance of the wheels. This 

proves the achievement of the technical result indicated by the 

Applicant.



CLAIM 

1. A railway wheel having a central plane perpendicular to 

an axis of rotation of the wheel which includes a rim formed by 

a tread surface and a flange, and also includes a hub and a web 

formed by external and internal surfaces and made in such a way 

that a theoretical midline of a transverse web profile passes 

through a first point located in a place of matching the web 

with the rim, a central point where the theoretical midline has 

maximum offset from the central plane in a direction opposite to 

the flange, and a second point located in a place of matching 

the web with the hub, wherein an external surface of the web is 

formed on a rim side by a first external radius curve and on a 

hub side by a second external radius curve with a curvature that 

coincides in a direction with the curvature of the first 

external radius curve, said curves matching each other in a 

central part of the web by a third, on the rim side, and a 

fourth, on the hub side, external radius curves with a curvature 

opposite in the direction to the curvature of the first and 

second external radius curves, while an internal surface of the 

web is formed on the rim side by a first internal radius curve 

and on the hub side by a second internal radius curve with a 

curvature that coincides to the direction with the curvature of 

the first internal radius curve, said curves matching each other 

in the central part of the web by the third, on the rim side, 

and the fourth, on the hub side, internal radius curves with the 

curvature opposite in the direction to the curvature of the 

first and the second internal radius curves, said railway wheel



being characterized in that radiuses of the first and the second 

external radius curves for the external web surface are from 

0.04 to 0.05 of a tread diameter, the radius of the third 

external radius curve is from 0.08 to 0.1 of the tread diameter, 

the radius of the fourth external radius curve is from 0.07 to 

0.09 of the tread diameter, and the radius of the first internal 

radius curve for the internal web surface is from 0.08 to 0.1 of 

the tread diameter, radiuses of the second and the third 

internal radius curves are from 0.06 to 0.08 of the tread 

diameter, the radius of the fourth internal radius curve is from 

0.04 to 0.06 of the tread diameter, wherein the first point is 

offset to a distance not more than 0.08 of the rim width from 

the central plane in the direction opposite to the flange, the 

central point is offset from the central plane to a distance 

within a range of values from 0.35 to 0.4 of the rim width, and 

the second point is offset to a distance not more than 0.1 of 

the rim width from the central plane towards the flange, while 

the ratio of a web thickness at the first point to a web 

thickness at the second point is from 0.7 to 1.1 and a ratio of 

a web thickness at the central point to the web thickness at the 

second point is from 0.7 to 0.9.
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