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Abstract: The paper presents the running profile featureshef railway wheels, profile representation
and optimization possibilities in order to elabagathe part program for processing the wheelsets by
turning. The segments of the profile, which reqtiire analysis of the approximation error with ligeg-
ments and arcs, were highlighted. For this purpdlse,research focused on achieving a small number o
phrases in the part NC program. The establishechausilogy was applied to one of the standardized
profiles. In the paper values of applying this op#ation methodology for a curved zone of the [gofi
are presented. The resulting data can be also uafihe system of measuring and control of thefife
after processing on the machine tool. Thus, itisilg possible to determine the concordance betwieen
resulted deviations and the allowable ones requirgdhe standards. It is also presented a measureme
system that can be integrated in the machine-tesljlting in a closed-loop measurement and proogssi
system.
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1. INTRODUCTION It is also useful a functional model of a cutting
rocess, measurement and analysis system of the rai
heel profile [20], on a shaping/reshaping techgal

system using a numerically controlled machine {&ol

17] for wheel sets or wheels in mass production [5]

The wheelset is one of the most stressed componen
of the railway vehicles [1, 4], being subject ofriaale
loads and of a continuous process of wear. Theilgsof
were determined in kinematic and dynamic conditiohs
the vehicle movement. Operating conditions areatdei,
such as: loadings, change of the rails and of teadt 2. PROFILE PARAMETRIC EQUATIONS
surfaces profiles, speed and temperature varigtesyse-
cially of the rails tracks, vibrations, etc. Thead profile
of the railway vehicles wheels must fit within the nationally.

geometrical characteristics governed by nationad an The machining of the UIC/ERRI profile of the wheels

international regulati(?ns [2], being an importaattbr is regulated by SR EN 13715 + A1-2011 [14], thire: t
for the passengers' comfort and decrease of th%rofile UIC/ERRI for wheel with diametdd = 1000 mm
environmental impact by reducing the noise caused b

e : andd = 760 mm, having the flange height= 28 mm,
tsfzgndvgrlggl rail contact [8], according to the cutren UIC/ERRI D = 760 mmd = 630 mmh = 30 mm and

The surface and profile of the railway vehicles elke UI.C/ERRI D = 630 .m”?'d = 330 mm,h = 82 mm
have a complex geometry that must fit within certai (Fig. 1). The _Iast profile is analyzed in the paped it is
sizes [5, 13]. This paper proposes an applicativerated according to standard as: EN 13715 -EPS /H32

methodology for parametric representation of treadr ~ €28-5 / 10%. On the profile, there are marked i |
profiles and surfaces respectively. The parametdriz PCINts delimiting its main zones and whose cooreisia
surface can be used in order to achieve digitaptates ~ re essential for generating the correct profil&,(A2,

for the turning process, measurement and analysiseo  --~F2, H1, H2) [13, 14]. Drawing and checking the
wheel profile. profile is done based on the parametric equatidns-(

(8) [13, 15].
The standard UIC 510-2 contains also a table with
261 pairs of points, with an increment of 0.5 mmtoe

Railway wheels are processed according to the rail-
way established by international standards alstado
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Fig. 1. Coordinates of the standard profile for wheeldwaitdiameter betwedh = 630 mm andi = 330 mm.

Thus, for the wheels having the diamefers 630 mm andl = 330 mm, the equations are (1)—(8):

Zone A y=1.364323640 — 0.066666687 (1)
y = 0 — 3.358537058- Tox + 1.565681624- IHx? —2.810427944- 103+
Zone B 5.844240864- 1®x'— 1.562379023- 10x°+ 5.309217349- 18-x° — (2)
—5.9578398440"%.x" + 2.64665657@0"%.%¢,
y = — 4.3202210630"— 1.03838402@.0"x — 1.0655018730"x*—
Zone C —6.0513678780%x% — 2.054332448.0" X"~ 4.1697393840°%x° — (3)
— 4.687195828.0°x° — 2.2527555400 "X,
Zone Dy =+16446- 12 - (x+26.21066% , 4)
Zone E y=+ 93.576667419 — 2.7474774%9 (5)
Zone F y=+12568005262 stz - (x+6310959023% , (6)
Zone G y=+20+412° - (x+55?, (7)
Zone H y=+13519259302 y 2057 — (x + 495)2 . (8)

These equations were determined by theoretical an@y (x = — 55,y = 20),
experimental studies. Hy (x=—-49.5y=13.519259302), in mm.
The variables that are mapping the profile haverg v The actual standards [14], in order to check the
good accuracy up to nine decimal places, their ¢iemp profile, impose some validity zones:
ance is important, being determined by satisfyihg t A (x=+60 to +32.15796B (x = +32.15796 to —26),
cinematic and dynamic conditions. The curves’ asnte C (x=-26 to — 35)D (x =—-35 to —38.426669071),
that define the profile, denotedy,..., Hy, are E (x=-38.426669071 to —41.496659950),
represented in Fig. 1. Their coordinates are: F (x =—-41.496659950 to —46.153174292),
Dy (x = -26.210665y = 16.446), G (x =—-46.153174292 to —62.764705882),
Fu (x=—-63.109590233; = 12.568005260), H (x = -62.764705882 to —70), in mm, as seen in Fig. 1.

Table 1
Coordinates of the limit points and distances between them

Zone |Points X, [mm] y, [mm] Tangent angle, [ Distance, [mm]
O origin 0.0 0.0 Points Value
ZoneA Al 60 —2.635676360 —3.814
A2 —32.15796 —0.779540292 —-3.814
ZoneB Bl —32.15796 —0.779540302 —3.814 A2-B1 | 0.000000009
B2 —26 2.741043365 —13.587
ZoneC Cl —26 2.741006816 —13.587 B2-C1 | 0009178071
Cc2 -35 6.867385430 —42.540
ZoneD D1 -35 6.867502904 —42.540 C2-D1 | 0.000036549
D2 | —38.426669071 11.999737284 —70.000 D2-E1 | 0000117474
ZoneE El | —38.426669071 11.999738211 —70.000 '
E2 —41.49665950 20.434468833 —70.000 E2-F1 | 0.000000290
ZoneE F1 —41.49665950 20.4344685443 —70.000 '
F2 | —46.153174292 28.107630688 —47.496
ZoneG G3 | —46.153174292] 28.107630658 —47.496 F2-G3 | 0.000000029
G2 | —-62.764705882 29.15521706Q 40.276 G2-H1 | 0.009178071
ZoneH H1 | —-62.764705882 29.149280987 40.320 )
H2 =70 13.51925945 90.000
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Fig. 3. CNC simplified structure.

Fig. 2. Wheel surface obtained based on the parametrically
drawn profile.

The limit point coordinates of the profile are also The profile of the wheel tread surfaces_ consists of
identified. These points are mandatory and will beline segments and curves [2, 9, and 14] definedngeo
considered in the process of establishing the parfically and by the position and dimensional accyrac
program, corresponding to the numerically conteblle The profile processing is performed on specializtdes
equipment. For the analysed case, these pointgtted with mechanical, electrical [1_6], hydrautic CNC
coordinates are given in Table 1. copy (Co) systems. The CNC equipment performs many

The data presented in Table 1 leads to the observel$inctions, among which the most important are com-
fact that where the distance is not zero it indisa dis- Mand, control, and communication [3].

continuity of the analyzed profile. Later, theseps/a Regarding the profile processing, it is done byt par
discontinuities are taken into account in the efabon  Programs (Pp). The analyzed profile is defined piamne
of the part program. containing the rotation axis of the axle. The deofs

The profile may undergo some changes as a result g¥focessed by rectilinear movements on two axes-dire
the shaping/reshaping on the lathe, but it mustppm tons, numencally controlled, with defined speetite
with the recommendations of the limit deviations Profile is processed by the interpolation of tend Y
specified in UIC norms and standards [13]. axes of the CNC lathe. Thé axis, respectlyely, th

The representation of the tread surface of the iikee axis of the lathe are considered to becotais, respec-
possible by revolving the profile around the axistiee t!vely,_Y axis in the equations (3)(8) to define the pro-
axle, located at the coordinate= 300 mm related to the file (Fig. 1). _ o
point B in Fig. 1. The profile and surface are continuous _ 1ne CNC simplified structure is represented in Big.
and correct represented in Fig. 2. which shows the basic composing elements. These ele

There is no need to model the other elements of thénents are important for what is presented in tiepa
wheel, the simulaton of the shaping/reshaping The CNC motherboard with its processor realizes

machining and the creation of CNC code are possiblécreens, functions F1, ..., F8, part drawing, pssicey
based on this surface. simulation, editing, communications and warning mes
sages about the program running and machine-tool be

havior.
DEVELOPMENT AND OPTIMIZATION OF Thg phrases of .the part program are transmittgq for

THE PART PROGRAM execution to the axis board for movement purpcmg,— i

cated by the current phrase and a number of phiases

Analysis of the data from Table 1 shows that tlegee  anticipation.
some discontinuities at the borders between artéiseo The processor transmits the movement parameters to
profile that must be corrected. In the phraseshefgart  the electric motors of the CNC axes. For this, dhigran
program that is inserted into the machine-tool CNCaxes board that contains a number of slave typeegro
equipment [3], the movement quotas, in mm, for thesors. Some of them are activated correspondingneo t
controlled axes, have a precision of only threeirdac  controlled axes. To each slave type processor res-tra
places. ducer is connected for the axis position.

To generate trajectories that more closely resesnble By the previous phrase of the current phrase ishset
the shape and position imposed by the engineds it initial point of the running trajectory. By the cant
necessary that from the set of many points of cutee phrase there are indicated the following data: ¢hd
choose only those that by writing in the CNC pad-p  point of the trajectory, trajectory type (G1 line&?2 and
gram phrases to result deviations smaller compaitd ~ G3 - circular ) and some other known data (S, F, R,J,
the curve defined by the engineer. F, G, etc.).

Also, another important requirement is that thegthn The internal program of the axes board determines a
of the curve sector described in a phrase to barge as  number of intermediary points on the trajectory.ribg
possible. It was taken into account that most ef@INC  the trajectory execution to achieve these poilesiet are
equipment use linear and circular interpolationsr F determined the running errors, corrected if possibp to
complex curves (polynomials, splines), the genenatif ~ the next point on the curve.
the CNC part programs lead to the creation of the-p Also, for completing the trajectory, in the CNC pa-
essing trajectory only of line segments and arcs. rameters there are defined: acceleration, decielaranhd

Thus, the part programs result with a large nunatber the error to achieve the target point.
phrases. These types of programs lead to largengnnn Functions defined in the part program indicaten# t
times and to significant variations of speed wtie  target point specified in the phrase is reachedtéxar
profile contouring. not. If yes, the trajectory described in the curngmrase

3. ASPECTSCONCERNING THE
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is executed with high accuracy, by an accelerated s ©
from the initial point until the feed speed (F) walis tangent
achieved. Near the target point, the deceleratioth® in C2
movement begins for achieving with accuracy th@poi
If the touch function is inaccurate, the endpopeed
is not zero and the program goes to the next phiidse
start speed on the next trajectory, which becorhes t
current trajectory, is final of the deceleratiomipé. [ €1 tangént
The real time of execution the trajectory described inCl
from the start and the end point will be highernthie
ratio between the distance between the two pomigize
feed speedr. As a result, when the number of phrases
that describe the movement on trajectory is latbe,
difference between the real time and scheduled ténme
correspondingly higher. It is important that thetgao-
gram to contain a minimum number of phrases.
Therefore, it is necessary that the generatedctaie b
to be described by linear and circular interpolatio
phrases with initial and final points more distasthc€he
part programs for spatial surfaces lead to a largaber
of phrases with small distances between pointsveitid
errors from the surface to be processed.
The optimization of the running trajectory is done Fig. 5. Detail of zoneC of the profile.
through phrases of type G1, G2 and G3 with large di
tances between the initial and the final pointsaBés of ~ Using those coordinates thanks to line segments fro
type G2 or G3 are specific to the movements orukirc ~ POINt to point. This results in 259 part programasies.
curves with arc lengths that are large as well. The same condition of continuity a_nd tar_lgency_ with
Another requirement is the achievement accuracy ofh€ curve of zon® and zoneD, respectively, is applied
the measured trajectories on each CNC axis. Ustiaiyy 1" POINtsC1 andC2 (Fig. 4).

limited to three or four decimal places. Becaus¢hi, A drawback of this solution is that the processing
the end values of linear or circular trajectoriesstmbe  Profile time is higher than the ratio between tbegth of

precisely determined by this order of magnitude. the processing path an_d the fegd rate trajectory.
In the considered case of the profile generation of Anqther drawback is that since acceleration and de-
train wheels, the profile consists of line segmeatss, celeration are necessary for each of the 259 lew s

but also of two trajectories described by polyndsniaf metngs, the speedhoglthe path fluctuatgst;) mFo redveny
the eighth order. A polygonal trajectory is reqdite be not be even reachable as programmed by .

recisely followed, and for another one larger déon Therefore, the optimization of the processing path
ips aIIowgd ' 9 time has to be done by the decomposition of polyiatsm

In fact, by various reasons, some indicated inlithe of the eighth order into several line segments ars

S ; called replacement curves.
erature [3], the exact generation is not possibi per- For Zone C, thosesegmentsare arcs C1-d, d-¢, c-b
missible deviations are specified. ! O

a-C2, while b-a is a line segment. This is repeated for

Thus, to achieve the precision requirements 1S N ,nep of the profile. Zoneg\, D, E,F, G, H are defined
essary to transform the polynomial function of #ighth by their equations as line segments or arcs.

order in a series of replacement functions G1 Ylend Figures 4 and 5 show a polynomial curve of the

G2 or G3 (arc), while kegping the contingity exisazh eighth order (zon€) that is marked by between points
by the common tangent line to the endpoints ofdifie C1 andC2 (Fig. 5)
ferent areas of the replacement functions. The tangent lines in poin®1 andC2 are shared with

ZoneC will be taken as an example in order to better, adjacent curves to the wheel profile. The paiyial
understand the part program optimization. A polyr@m e zoneC, located between poin€1(xl, y1) and
curve of the eighth order defines the zdhrofile. To C2(x2, y2) is of polynomial type.

Fig. 4. Function replacement in zoeof the profile.

highlight how the optimizing part program is doiteis For CNC, the points becon@L (Z1, X1) andC2 (Z2,
considered the zon€ example, where the profile is X2). Z andX are axes of the CNC lathe.
defined by a polynomial function of the eighth arde Usually,in orderto runthetrajectorymadeup of n—1

Usually, the first degree and second degree (onlyine segments, corresponding topoints on the trajec-
arcs) curves are interpolated in the CNC equipmentiory, the phrases are as follows:

Other curve types on the trajectory are approxithate

with lines or arcs, while fulfilling the conditionsf con- .

tinuity and tangency with adjacent curves. G171 X1 Ff
The standard UIC 510-2 OR [13] also includes tables G172 X2

with 260 discrete point coordinates of the whedalfif cee

to be processed. The part program can be develmped G1lZn Xn
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Zone C is meshed (by choice) in this case by 90
points, namely: 35, 6.86738539);-84.9, 6.77657890);
... (26.1, 2.76528192):2, 2.74100733).

The part program phrases for those points, become:

G1 Z35. X6.867 FO.6
G1 Z34.9 X6.776

G1 Z.26.1 X2.765
G1 226, X2.741

The practical implementation of the methodology of
replacing the polynomial curves by arcs and ling-se
ments led to writing only six command phrases, eorr

Fig. 7. Portable device for contactless measurement.

sponding to arc€1-d, d-c, ¢c-b, a-C2 and line segments CNC display Elecirieal cabinet
b-a (Fig. 5). T TR
The part program phrases are as follows: _:; ! CNCIPLC| |DC1 .. DC4
G1 Z-35. X6.867 FO.6 IR LI LI
G2 Z-28.535 X3.536 R42.028 CNC panel Elsctrical
G2 Z-30.357 X4.224 R18.0 eampanent
G2 Z-30.953 X4.49 R19.402
G1 Z-31.301 X6.867 Electrical cable
G2 Z-26. X2.741 R13.006 ol e B Pz B e e 7
4. MANUFACTURING AND MEASUREMENT | i ) e
SYSTEM STRUCTURE ; ] gk BSrsz ;
The methods for measuring the profile include me- [ MwGb g5 = = BSLs2 CoML2,
chanical devices (Fig. 6), contact [11] or contsdl . = Ej. e 5 i SN = .
71 =22.J = o |

portable mechatronic devices (Fig. 7). All theseides
are able to determine the geometrical charactesisif

LSF’QL;IZMU Il rstt )| rszl|Ul sz
T1

I

|

:
normative. NS =

the profiles defined in the national and internadio MsT1 | I Mamm T2
7 HS2 [
A few years ago, usually, the design and processin w1 —s - we 1
of profiles of train wheels were done manually,dzhen MF1 E - "—E—

the wear analysis and experience of designers amalim
facturer [12]. Today, the progress in IT has madssp  Fig. 8. The structure of mechatronic system for procesairy
ble the use of numerical methods in the designpaocH measurement wheels profillP1, MP2 — spindle motorMF1,
essingof the wheel profile. In these circumstances, the MF2 — feed motorHSL, HS2 — head stockRVUL, WU2 — work-
systems for shaped/reshaped wheels profile measatem  ing unitsT1, T2 — tool;Mgy, Mg, — motor for radial slide

and validation must be updated and adapted tophe s ~MovementsM,;, My, —motor for longitudinal sledge move-
cific numerical control machine tools. mentsRs1, Raz Rer, Re, — radial slidest s, Ly — longitudi-

Thus, it must be used a measuring equipmen nal slidesLS g, LS o — longitudinal positional measurement;

. . LSkgq, LS — radial positional measuremergb — gearbox;
mounted on the machine-tool, which enables to nreasu BS «. BS « — ball screws for radial slid@Sq, BSe — ball

the wheel's profile before processing, comparingith screws for longitudinal slide
a digital template. The purpose is to choose themap
profile to be processed and measure the profiler aft The structure of the closed loop measuring and-proc
processing for validating its conformity. essing system with CNC is shown in Fig. 8.

In Fig. 9 it is presented such a measurement system The machine tool evaluates a blank profile, compar-
designed to be mounted on radial sledge of the laith ing it with the given profile and profile measuratter
two working stations [7]. processing to validate its conformity.

1

Fig. 6. Mechanical measurement. Fig. 9. Measuring the wheelset profiles.
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The components of the system in Fig. 9 are:
pneumatic cylinder, 2 — guiding columns, 3 — botijhe

C. Sandu et al. / Proceedings in Manufacturing &yst Vol. 10, Iss. 4, 2015 / 165-170

1 5] I.Y. Shevtsov, WheelRail Interface Optimisation Delft

University of Technology, The Netherlandes, 2008.

measuring system, 4 — measurement transducer or tH6] A. Ghionea, |. Ghionea, D. Cioba@atM. Savu,Prelimi-

radial profile, 5 — two way transducer for frontakas-
urements, 6- roll probing profile, 7 — roller and trans-
ducer support for the measuring probe.

A system of this type is adapted on each radidksli
Rs whereis alsoplacedthe cuttingtool T [10, 18 and 19]
(Fig. 8), thathasdifferentshapesndfields of application.

5. CONCLUSIONS

The analysis presented in this paper is a parhef t
authors research results achieved in the secorsepifa
the project PN 1I-PT-PCCA-2013-4-1681.

In order to optimize the preliminary steps for @ss-
ing the part program, it is proposed the replacenoén
some profile’s zones by line segments and arcs. Th
profile and the wheels tread were drawn using patdaen
equations according to standards.

The paper exemplifies how this was done for theezon
C of the profile. As a result, there was observedduc-
tion of the number of phrases, from 89 to 6 in plaet
program. Also, it was considered the requiremeait tie
replacing curves should accomplish the continuitg a
tangency conditions. The other zones of the proéite
cording to the equations, are defined by line and a
segments. For the evaluation by measuring of tbélgr
points and zones, there were used specific methgas
and tools.

The paper proposes, also, a basic structure ofas-me
uring mechatronic system in order to be used inptioe
file evaluation after the processing on the machdmd,
versus the theoretic drawn profile.
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