Proceedings in
¢ MANUFACTURING
\ SyYSTEMS Proceedings in Manufacturing Systems, Volume 1jds3, 2017, pp. 113-118 ISSN 2067-9238

METHOD AND SYSTEM FOR MEASUREMENT OF RAILWAY WHEELSROLLING
SURFACE IN RE-SHAPING PROCESS

Daniela CIOBOATA"", George CONSTANTIN % Aurel ABALARU?, Dianut STANCIU?Y,
Crigtian LOGOFATU, lonut GHIONEA®
)PhD, Eng., Senior researcher, National InstitutResearch and Development in Mechatronics and Meamnt Technique, Bucharest, Romania

2 PhD, Prof., Machines and Manufacturing Systemsaltegent, University "Politehnica” of Bucharest, Bagest, Romania
3 PhD., Lecturer, Department of Machine Manufacwyifiechnology, University “Politehnica” of BuchareBucharest, Romania

Abstract: Train wheelsets must be periodically inspected for possible or actual failures. The wheels are
the most loaded components of railway vehicles and are subject to continuous wear. Framing the rolling
profile of the railway vehicle wheels into the geometric and dimensional features, regulated by national
and international norms and standards, is a key factor for traffic safety. When the wheel reaches a certain
critical level of wear, it must be re-profiled or replaced. This paper presents some considerations on the
development of an automatic wheel profile measurement and computer analysis system integrated in a
CNC profiling/re-profiling machine-tools. Measurement is done by contact, in two rectangular
coordinates.
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1. INTRODUCTION Simultaneous measurement and re-profiling of
wheelsets, on the same machine-tools, reducessthefr
using wheels with different profiles and sizes.

The choice of the shape and size of the profilbeo
reshaped is still mostly based on the worker imtnit
f';lfter measurement with manual gauges.

During the last decades a number of efforts haea be
made to use numerical methods in wheel design,
measurement and manufacturing processes.

In these days, CNC technology offer a number of
new possibilities including improved part measuratne
automatic tool measurement, tool force monitoring,
intelligent machining cycles, remote diagnosticsd an
simplified operator interface [7].

In recent years, higher train speeds and increasged
loads have led to larger wheel/rail contact forc@so,
efforts have been made to optimize wheel and eslgh
and maintenance [3].

The wheels are the most loaded components o
railway vehicles and are subject to continuous wear
When the wheel running profile reaches a certaiicat
level of wear, it must be readjusted or replacéd [9

The importance of improving the wheel sets re-
profiling technology resultsiot only from the need to
reduce maintenance costs, but also from the reed
enable modern high speed trains to use their patent
under conditions of reliability and safety of trpost [1].

Re-profiling involves a loss of material from the
whole wheel profile. So, after re-profiling, the @@l has 2. WHEEL PROFILES
a smaller diameter. When the wheels on a wheefset a  Figure 1 shows the railway wheels profile regioris [
re-profiled independently, there is a risk of diffieces in  More than 20 dimensional and geometric parameters
diameter between them. If the difference betweeeelh must be kept within strict tolerances to guarartig t
exceeds the permissible limit, the danger of dewiit  safety of the train.
increases. Another consequence of differing sizahat
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Fig. 2. Definition of wheel profile parameters: Flange Kriess
(&), flange height$h) and flange inclinationgR).
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Table1
Therequirementsfor wheelsets[9]

Part of the Criterion Diameter of | Limit value [mm
wheelset the wheel| Min. Max.
Al height 330<d<63C| 31.5
a“?;) ©9Nt " s30cd<76C| 295| 36
760<d 27.5
33xd<76C| 27.5
Flange
g h C';'r?ensiem) 760<d<84C| 25 33
840<d 22
Flange
inclination @g) 2330 6.5 -
Wheelset back: 330d<76C| 1359
to- back distanc 7g0<g<gac| 1358| 1363
AR 840<d | 1357
Wheelset 330<d<76(| 1415
Wheel rir Vf\/hee'ds.et fronto— e edesac] 1412] 1426
-front dist =
ront distanc 840<d | 11410
Rim-wheel width 135 Tolrancs

These parameters musbe inspected in th
manufacturing and maintenance proes. The main
parameters of the wheels are presenteFig. 2.

For most railway wheels, the default values of
parameters arel =2 mm,L2 =70 mm anL3 = 10 mm.
The main requirements for wheelsets and tt
acceptance criterion are presented in T1[8].

3. WHEEL WEAR MECHANISM

Many wear mechanisms exist and there are se
dominant in the wheehil contact: oxidative wear,
adhesive wear, abrasive wear, fatiguear, plastic
deformation [2].

The location of the highest wear on a wheel pr¢
depends on the type of railway netw the train is
running on. The possibkypes of wheel wear are sho
in Fig. 3.
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Fig. 3. Worn wheel profile and new wheel profia — evenly
distributed wear on the tread and flanige; mainly tread wear,
¢ — mainly flange wear.
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Table2
Wheel stedl requirements according to
UIC 812-3 and EN 13262
Steel categol Carbon | Yield Tensile |Elongation
content | strengtl | strength (%)
(N/mn?) | (N/mn)
uiC EN UIC/EN | EN UIC/EN | UIC/EN
812-3| 13262 1326:
RIN - <0.48 - 600...720| >18
R2N - <0.58 - 700...840| =>14
R3N - <0.70 - 800...940| =>10
R6T,E| ER6 | <0.48 250C 780...900| =15
R7T,E| ER7 | <0.52 252( 820...940| =>14
R8T,E| ER8 | <0.56 254( 860...980| >13
RIT,E| ER9 | <0.60 >58C [900...1050 =>12

To determine the worn status of a wheel proare
used the parameters defined in Figsd, Sh, gR, D).

These are internationallyaccepted measures of
wheel tread profiles.The advantage of usinthese
parameters is the standardisation of meast
equipment, the ability to compare performance dme
ability to use standard gauges.

Flange wear results in reduced flange thickn&d)
and increased flange inclinatiorqr decreases) [2].
Wheel tread wear results in increased flange thiek
(&) andincreased flange heigtsh).

4. WHEEL MATERIALS

In order to deal with the demands imposed by
severity of the wheel/rail contact conditioifor wheels
and rails construction areisec materials with high
resistance to weamyhich have predominantly pearlit
structures and containing hard cementite lame
Technical SpecificatiotJIC 812-3 lists for solid wheels
seven types of steel, which mainly differ in carl
content, heat treatment state and therefore streldt
13262 contains only four types steel. R7 is by far the
most commonly used materi@lable 2) [10].

5. WHEELSETSREPROFILING PROCESS

The performance of rolling stock maintenance
have a great influence on transport safety andepaess
comfort. Wheel rgprofiling process is an important s
in the maintenance of the rolling stc Three major
aspects require specialttention it wheel re-profiling
process [7]:choosing the appropriate pro; framing
prescribed tolerancespmpliance with surface quali

Improving the wheelsetseshaping technology is a
requirement of the need teducemaintenance costs and
to enable modern higépeed trains to use their poter
in safety conditions.

Unfortunately,in most railway workshops for turnir
the profiles of the wheelsetse usecold machine-tools
[5] whose performancesno longer mets current
requirements of presion and productivityThe purchase
and installation of new modern machines is t
expensive for theseorkshops Under these conditions,
extensive research has taken conducted on
development of costffective solutions for improvir
technologies for rg@rofiling the wheel treac
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Fig. 4. Modernizedstructure of the wheel reshaping lathe [4 anc&iAlathe with measurement devices integrated ;
b — measurement of internal frontal faces and axialaut;c — measurement of flange heiglt:- measurement of flange angle and
thicknesse — Measurement of running diameter and out of roussine

The researches focused especially on the upgradingnd technical realization of the kinematic chaimnadial

of technological processing systems to increase the
productivity and profiling/ re-profiling accuracythe .
improvement of machined surfaces quality by using
appropriate tools and the improvement of thee.
interoperable and final measurement methods.
Modernizing the existing machine-tools is a less.
expensive solution than buying new ones. CNC
technology provides opportunity for retrofitting dan
automation the existing lathes used by railway,
maintenance workshops for re-profiling the wheels.
Implementation of CNC on existing machine-tooledf
a number of new possibilities including improvingeel
profile measurement before and after turning,
maintaining a database with measured profiles aitid w
normalized profiles, wheel profile optimization,
intelligent machining cycles and simplified operato 6
interface. '
The goal of the research was to modernize such a
modernized machine-tool, which include a wheel ipgof

and longitudinal directions:

adaptability to the constructive and kinematic
structure of the lathe in the conventional version;
providing cutting parameters (movement speed and
range, feed precision, force and torque);

redesign the hydraulic circuit for CNC machine
adapted to the existing lubrication circuit on the
original machine;

reduced noise and vibrations by reconditioning the
guides and using silent drive systems;

simple and compact structure;

the use of flexible couplings to compensate for
possible non-alignment of the motor with the ball
screws.

WHEELSETSPROFILE MEASUREMENT
SYSTEM

Due to the wear that occurs during the operatioa, t

measurement system. The modernized technologicgbrofile and diameter of the railway wheels haveb®
measurement and manufacturing system includes: twinspected regularly. For these inspection operattbare
devices for wheelsets profiles measurement befack a were developed a series of measurement and control

after machining; a CNC system with four translatéoxis
integrated in structure of a horizontal lathe witho

gauges
measurement is also part of the reshaping opergfion

and equipments. But wheels geometry

working units (type UB 150 - RAFAMET-Poland), for Measurement must be done before and after turiiing.

driving and control of reshaping and measurementcommon methods used
technologies

processes; intelligent machining cycles for whaething

in  wheels manufacturing
involved measurements with various

and measurement [6 and 7]. The two working unitsWU manual gauges (Fig. 5). These measurements may

and WU2 have identical structures and driving syste

introduce human errors [12] and do not allow tloeesie

The following aspects were considered in the desig and processing of measured data.



116 D. Cioboata et al. / Proceedings in Manufacturing Systems, Vol. 12, Iss. 3, 2017 / 113-118

i/ .\

Fig. 5. Measurement gauges for railway wh.
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Fig. 6. Integration of the mesuring coordibate systernr
the machine and part coordinatstemsa —coordinate
systemsh - dimensionsused for length compensati

The modernizedathe integrates numericcontrolled
axes alongX and Z on both working units (left and rig|
and also a measuring system. They work on the lod
specific reference systems (Figag,as follows
* Machine CoordinateSystem (MCS) or Machin

Origin is the default coordinate systeassumed

during power-up.

» The Programmer Coordinate System (PCS)
independent with regard to the M and usually is
belonging to the part.

e Measuring Coordinate System tlatlongs to the pa
and more specifically to the wheel prof
The measurements (see Figbh)4are done usin

initial displacemats on controlled axes with regard

Programmer Coordinate System, arfter that in the

Measuring Coordinate Systenkigure 6,b shows the

dimensions that are subject to length compensdto

both cutting tool and profilemeasureme system/] . and

Lm, respectively.

For wheels profiling/resrofiling technology, it is
more effective taise a measurement system mounte
the machine-tool which hake same coordinate systt
with the cutting tools. By positioning two measuy
heads on the radial sledges in the near proxinfitthe
tools (Fig. 6, the axial position of the lateral faces,
diameter of the wheels and the we&both wheels on
wheelset profiles are determined irc@ordinate systet
with a known position relative to the position aftting
tool [7]. Bothmeasurement heads and tools are displ

by the same driving systems, directly governed Hoy
numericalcontrol unit of the machii-tools. In this way,
machining is more efficient and accurate. Wide eant
programming possibilities guarantee easy adaptirige
turning process to dimensions and profile of theeelb.
The axial position of the lateral fes of the wheel, the
running diameter and the geometrical parameteithe
profiles of both wheels on a wheelset are deterd
before reshaping, to choose appropriate profilebd
reshaped and determine the starting point for gy
process and after sbaping to determine the conform
of reshaped wheels surfaces.

Measurement can be done by cor-scanning the
whole profile of the wheels or by measuring
coordinates of the A .E points(Fig. 2) and determine
the specific parameters of the prc (flange height $h;
flange width -&d; flange gradien- gr; running diameter -
D; out of roundness of running diameter; back to t
distance 1; axial runeut of lateral face.

Figure 7shows a measurement sys, designed to
be mounted on radialedge of th lathe presented above.

The measurement is made in the radial and .
direction relative to the wheel axIDisplacement of the
measurement probes to the characteristic pointthe
profile is carried out by mdng the radial and
longitudinal sledges (see Fig. 4a), numerically
controlled. The rmeasurement of deviations from t
theoretical profile is done with incremental tramsers
with £ 10 mm rangeand 2 pm accura, for radial
direction and inductive transducers with = 2 rrange
and 0.25% linearityor the axial directiot

For frontal or radial run out measuremethe axle
with wheels rotates at a constant speed. The va
measured with displacement transducers are ang
with FFT, synchronized with the wheels rotary spt
The sped of the wheelset is measured with an op
sensor (tachometer).

The acquisition and transmission of the data f
measurement transducers is done through an inge
Sensoray 826nstalled in the computeSinumeric PCU
50.5-C of the machine-tool&ig. 8).

Pneumatic  cylinder for
pushing out/in axial probe

Pneumatic cylinder for pushing
out/in measurement head

Linear guidance

Axial probe Support for measurement head

attachment on radial sledge

Fig. 7. Profile measurement systea — measurement system
structureb - measurement system positioned on radial sl
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Displa

During the cutting process, the measuring systems a
retracted into the radial sledges seats being gtaxteby
articulated covers from the chips. The two measurin
heads can be operated individually or simultangousl
with individual pneumatic driving systems. The _
pneumatic cylinders for push/ pull the measurement * [ : R
heads are equipped with end-of-travel sensors #t bo : '
ends of the race.

According to UIC510-2 normative, a good approach
for the geometric characterization of the wheelaimwis
based on the measurement of the profile paramigtefs

The measurement program defines the coordinates of Fig. 9. Determination of the re-profiled profile transtati
the measuring points in the wheel coordinate systac
defines the measurement sections. The measurement The measuring heads are moved on Z direction with
system determines the deviations between the real (&- gr) and on X direction with L1, and the radial

\ Co
E Womn profile

profiles and the theoretical profiles in these isast probe measure the deviation of C point on radial
According to the measurement results, the operator direction.

will decide if the wheels are in the functional aaueters, Similarly are determined the deviations of points D

they must be re-profiled or replaced. and E on the measured wheels relative to theotetica

The measuring system can be operated manually oprofile.
automatically. Manual mode allows adjustment of In Fig. 9, the measured point, B, C,, D,, E,) are
transducers in the measurement range and testing @épresentedThe re-profiled profiles of the wheels must
measurement functions. Automatic measurement modée the same as the initial (theoretically) profiefore
allows simultaneous or independent measurementtbf b the wear occurs, but translated in the radial tivacThe
wheels. To measure the wheels before re-profilingtm way of determining the radial displacement of tlee r
be performed the following steps: profiled profile is shown in Figs. @nd 10. The new
« The wheelset is fixed between peaks; profile must be tangent to at least one of the onegb
. : oints with the worn profile, and no measured point
The measuring heads are pushed by the pneumat@hould be within the re-profiled profile. In Fig, the

_cr)r/]llnderséﬁgt. a) tciaflx?(:hstop;] Is is determi d_intermediate profile is the profile translated iadial
€ coordinate systém of the Wheels IS delermined 1 4 i, considering only the wear on the treadan

:ﬁlanon to the nr11acr(;|ne-toold_<:0(|)rd|n§tﬁ s?/ster_r;.(tfuzl be seen that there are points on the wheel flartgehw
€ measuring heads are dispiaced Dby longitudinél a ¢ jnsige this profile. The correctly chosen peofior re-

radial sledges so that the axial probes touch timeri e : ; . :
faces of the wheels in points A. These points are\?vr(;)rfrl:lz?olf?léhe one thatis tangent in the int with the

reIe:egce.tr;]omts f?r % d|recé|on ((jF'.g‘ dZ)t The_ ng‘:‘f To achieve precision measurements, the machine tool
rotated with constant speed and 1s determine & shall have: high accuracy tools/ measurement heads

rur:jout(.j_TlheIm(;aasunngtrr]]e?dtiare (rjnolved t;)y IOTg'hahg' positioning system; drive and control system, less
and radial sledges so that the radial probes € vibration and noise level [4].

wheels profiles in the highest point of the whdtdages
(points B). These are the second reference poits f

defining the wheel coordinate system XOZ (Fig. e 7. CONCLUSIONS

points A and B are considered to be points of the This paper presents some considerations regarding
theoretical profile. The X axis is parallel to thadial modernization of a lathe for wheelsets profiling/re
displacement direction and Z axes are parallelh® t profiling, by implementation a CNC system with four
longitudinal displacement. translation axis for driving and control of reshapand
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an intelligent measurement system for

measurement before and after turning.

[ Measurement before re-profilifg

Start measureme

Y
Push out left measuremeiPush out right measurement
system system

v v
[ Proke point A left whee | | Prote point Aright whee |
v v

Rotate wheelset and Rotate wheelset and
determine determine
AA = (max-min) AAign= (Max-min)
v v
Probe point B on left Probe point B on right
wheel wheel
v v

Move SL1 with
(S-gr) and SR1 with.1
v

Move SL2 with
(Sd-gR) and SR2 with_1
v

Probe point Gon left
wheel and calculate:

ACuie= Co-Cuiett

Probe point Gon right
wheel and calculate:
ACUright: Co- Curigh’r

Move SL1 with
gr and SR1 with(Sh-L1)
v
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v
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AD = Do-Duit
v

Move gLZ with
(L2-sd) and SR2 with
(Sh-L3)
v

Move SL1 with
(L2-=d) and SR1 with
(Sh-L3)
v

Probe point Eon left
wheel and calculate:
AE = Eo-Euyerts
A= (max-min)

Probe point Eon right

wheel and calculate:
AEigh=Eo-Eurighs
AE yrign= (mMax-min)

v
If If
AC, 4> L1 tolerance ACyign> L1 tolerance
or or
AD > (Sh-L3) tolerance | (4D yign™> (Sh-L3) tolerance

or or

AE D limits AE gD tolerance

And And
[ID-AEyiett> oDrinim LID-AEyet> 5Drinim

Determine the left re-profilefif ~ Determinethe left profile
profile translation translation
ATie= max(ACum; ADyett; ATright: n'aX(ACuright; ADuright;
AEuIeft) AEurighl)

Calculate re-profiled If
profile translation for bot| |£/D-AEyight>
wheels Drrinim
AT=max(ATe; ATrign) v
Left eheel mus| b Right wheel mug
be replaced | Display result | be replaced

|Push in left measurement systHﬁush in right measurement system

Fig. 10. Logical scheme for measuring the worn profiles.

profile
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The measurement system allows automation of the
measurement process and optimal determination ef th
re-profiled profile. The measurement systems have a
triple role: determine the coordinate system; duiee
the degree of wear of the wheels; determine the

conformance of the re-profiled profiles with
specifications.

ACKNOWLEDGEMENTS: The technological
system for wheelsets reshaping and the profile

measurement is being developed in the project FRTH
PCCA-2013-4-1681 Mechatronic system for measuring
the wheel profile of the rail transport vehicles, in order
to optimize the reshaping on CNC machine tools and
increase the traffic safety founded by MEN-UEFISCDI.

REFERENCES

[1] Jianxi Wang, Xin Xue, Yongjie LuStudy on Cutting Form
and Surface Machining Quality of Wheel Tread under
Reprofiling,

[2] B. Dirks, Smulation and measurement of wheel on rail

fatigue and wear, Doctoral Thesis in Vehicle and Maritime

Engineering, KTH Royal Institute of Technology,

Stockholm, 2015.

M. Asplund, JingLin, Evaluating the measurement
capability of a wheel profile measurement system by using
GR&R, Elsevier, Measurement, Vol. 92, 2016, pp-2R.

I. Ghionea, A. Ghionea, D. CiobaatS. Cukovi¢, Lathe

machining in the era of Industry 4.0: Remanufactured lathe

with integrated measurement system for CNC generation of
the rolling surfaces for railway wheels, IFIP International

Conference PLM 2016, Product Lifecycle Management fo

Digital Transformation of Industries, pp. 2808.

[5] I. Ghionea, D. Cioboat A. Ghionea, S.Cukovié,

Applicative CAD/CAM Methodology for Parameterization

the Rolling Surface of Railway Wheels, U.P.B. Scientific

Bulletin, Series D, Vol. 77, No. 4, 2015, pp. £364.

G. Constantin, |. Ghionea, A. Ghionea, D. Ciolipa®.

Cukovi¢, C.F. B%u, Integration of CAD-RBSFEM

Techniques in Refabrication of a Lathe Used for Profiling

Whedlset, International Journal of Advanced Quality, Vol.

45, No. 2, 2017, pp. 2B5.

[71 D. Cioboata, A. Abalaru, D. Stanciu, C. Logofatu

I. Ghionea, S. Szekely,Technological System for

Profiling/ Re-Profiling Railway Whee Sets, The

Romanian Review Precision Mechanics, Optics &

Mechatronics, 2015, No. 47, pp-85.

R. Miiller, P. Gratacos, P. Mora, J. NielsenfFéng, S.

Cervello, Definition of whedl maintenance measures for

reducing ground vibration, RIVAS Railway Induced

Vibration Abatement Solutiondeliverable D2.7, 2013,

RIVAS_UIC_WP2-4_D2_7_V04 /2013.

EN15313: Railway applications. In-service whetls

operation requirements. In-service and off vehicle

wheelset maintenance, May 2010.

[10] V. Vukovi¢, R. Radé, S. Cudi¢, Resurfacing Monoblock
of Steel R7T Wheel Rims (MBW) for the Train Wagons,

Metalurgija 50 (2011) 2, pp. 13336.

[11] S.O. Medianu, G.A. Rimbu, D. Lipcinski, |. Popai,
D. Strambeanu$ystem for diagnosis of rolling profiles of
the railway vehicles, Mechanical System and Signal
Processing, vol. 48, 2014, pp. 153-161

[12] Roger D. Collen,Wheel Maintenance, NSH Simmons,
Principles Course, 2014http://ww. wheel -rail -
seni nar s. coni pc- paper s/ pcpdf s/

%20Mai nt enance2 ORoger %20Col | en. pdf
Sessi on%208a%20Wheel

(3]

(4]

(6]

(8]

(9]



