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ARTICLE INFORMATION ABSTRACT

Detecting and Preventing wheels slipping is at the core of all researches related to railway vehicle
dynamics. This tiny interface governs the dynamic performance of rail vehicles through the loads it
transmits and like any high stress concentration zone, it is subjected to serious damage phenomena.
Thus, a clear understanding of the rolling contact between wheel and rail is key to realistic vehicle
dynamic simulation and damage analyses. In this paper, three fast non-elliptic contact models are
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Keywords:

Wheel-rail evaluated and compared to each other in terms of contact patch, pressure and traction distributions as
rolling-sliding contact well as the creep forces. Among them Johnson and Kalker method was considerably useful for the
adhesion similar problems while the common assumption is elastic half-space in which many errors could be
FEM method made, especially in gauge-corner contact. Based on the conclusions drawn from this evaluation, two

new methods are proposed which result in more accurate contact patch and pressure distribution
estimation while maintaining the same computational efficiency. The Beam and Bristle model are
proposed for tire engineering in automotive industries but they can predict slip in wheel-rail contact too.
New methods are typically used for tire engineering. Tire engineering usually deals with higher values
of slippage than there is rail engineering so that they can be applied into the saturation zone. Finally, a
FEM analysis will be done for evaluating the methods proposed. Also, in the special case that similar
experimental projects have been done by other scientists. It should be noted that good agreement was
found between FEM analysis results, tire engineering models, and experimental results. Models have
been used for several contact applications including S1002 wheel profile over UIC60 rail profile for four
different initial braking speeds of 30, 60, 100, 140 km/h and compared with experimental results.
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Fig. 9 Discretization of the wheel-rail contact
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Fig. 10 Hertz contact area circles
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Fig. 14 Experimental wheel-rail slip results for 140 km/h speed
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Fig. 15 Experimental and simulation results for four different initial velocities

6 o loib 17 095 1396 D93 ety o )30 Splle (i

gl asl e s oz sl os liglesT 5 (g 5ludnd mls 15 JSUi

254


http://journals.modares.ac.ir/article-15-277-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:08 IRDT on Sunday May 13th 2018

I3 Glaimi 9 (9 M Juzo

.\9..\;:.9ULA.II)*JIST’Jy»)lf\sh‘s)sﬁ).l&a)l\s)gf}n)lroln.h).\o“n}ﬂjl‘s)gf,b),hhde)wt)e.;J);\sjlmdé.o

Sedize oays "15 USE" 5 45 ebilen S @) Jod L slacsx
el 6595 Gl 6xS e Oloy ln ead gib Jue (e Egeme 59
oz g 55 695 sl doje 5 WS g g a2 JB S
S0 g og dlys Segehe 15 KA 4 axg b alee opl Lol
ST yoglS 140 ey Jlogad bl Coond 4y az g b gsoge
Sgdn oanlie gty Jry 5558 b los @l Simlon ol "15
a5 dme s el 41338 les sloosly Gl 5l 5 Joges a5l >
5 e Soeben Ll ool LSy Lap® Jrwn 5 58 6ys5 sl
g sn o3 (loe @l g Ju p Joo G Fpmeie
oo S5l e pledl (Sl b ams oo (LA 2 Jgaz o5 psboilen
P9 8 dee 6xSrep Sar Oy Ayl S ) Jies Jrmn
Cyee §yS e Alies Gln Joe e b 0e;9 1105 L ggeme

Rt

S § (5 domii 12
WSy S plln kS Eyz S5 50 5 (o) 4 3825
J3 UICB0 &> (5o, 45 o5 S1002 aslial )50 &y> by o
5 yoskS 140 5 100 60 30 ol cepw 4y fdow ool 488
Jelo 090 la A5 5o (6595 Sl eolitul b il b plnil el
5T 5 sy SIS Joo (o228 (55 Ceand )3 s 5 35
SIS Joe a8 Ll 1ol a8 5 )5 @y alies (o) 5 S Sgaee el
oor @9 @ gl 4l o ) ale Gl g oo ST sla e
&3955 onl Gl 1y ao,yn 35,61 sl lee linlel gl il 00,5
L g 095 455, 5l 509 90 Blod 4y agame el LT ol 00,8 dnslns
1518 :Sike slad cunsly d(ongin sl 3> 4) Slol glas
a5 0gd g0 0dd (Jow ol sl x4 cdo b Ll ase ilal]) wsyo
515 1) gydpe il S ool 05,5 Jas sigs Jogal Sy Jp> 5
5 5 sladae ol BAG Sygen Bl (Saas cuys
2B 9,095 (cwiign ;0 a5 LT 5ol 00 S 9368 cwiige 0 S
@b sy oo dae ol «osgng; ooby ) alre b
G Jae b bl | ;o e 555 anily ails 170w ,0711.05 4 1118 Joleo

@ p3Y el (53 Ll a2l 50 Bl (Gaiia 95095 (it
S @l elsl amb ol o5s) [l g & atudly og5u g atdls

&&lw-13

[1] E. Winkler, The Theory of Elasticity and Strength, pp. 77-93,
Prague: Dominicus, 1867.

[2] T. Telliskivi, U. Olofsson, Contact mechanics analysis of measured
wheel-rail, Rail Rapid Transit, Vol. 215, No. 2, pp. 65-73, 2005.

[3] M. S. Sichani, R. Enblom, M. Berg, Comparison of non-elliptic
contact models: Towards fast and accurate modelling of wheel-rail
contact, Wear, Vol. 314, No. 1-2, pp. 111-117, 2014.

[4] F. D. Fischer, W. Yan, Applicability of the Hertz contact theory to
rail-wheel contact problem, Journal of Applied Mechanics, Vol. 70,
No. 4, pp. 255-268, 2000.

[5] F. W. Carter, On the action of a locomotive driving wheel,
Proceedings of the Royal Society of London, Vol. 112, No. 760, pp.
151-157, 1926.

[6] K. L. Johnson, The effect of a tangential contact force upon the
rolling motion of an elastic sphere on a plane, Journal of Applied
Mechanics, Vol. 80, No. 9, pp. 339-346, 1958.

255

sleolis 4 sl,o.col.@.uﬂ s loliw sbade (i p 4y k5 ahais
S g0 Guled |y sgaze Lol }',Jl.i—l 3 el s aye

Sguomo Ol (8 jlwand -9
31 @l Slez gl o 50 (3L 23U e g5 Sgamme (el o
ol Lol s 51 1815 1) Jlse slaclsy o wilgi e & gl> b
olell sla 58l 5 55 5 ot b palon alad Jelow o5 Ll 51 m
Shoslanal b Jlog o)) Raagsy &5 al> U odg JSie s Sgue
pae als el 5 Canarnd Wied o ez |, SIS e o
ASL 4l 3529 dgaze lell slaClex o olasllal

50 1y owled s, sgame ledl 35,5 o oamlive "15 JSa" 5 amilix
S (ol s o5 3,5 s sy BB by Jfogai Sy Sl 5 3
3653 g 9l Sy 5l aw BU allesl mli sgzg pae ol Wl o
g arg bl axSs Lol sl olSus o L3S slbjgs sg2g Sl G (glazy
S el Jogai Sy > 3 Sy lall o G55 S age Sl
oSils S ol b clianl Pl Stz gy bl gz 4
oy So sl a5 il 2 Jguz) ao, 1518 sgae ol il
Obedl U1 slaz 2 Jgoz Gk mizmen Sl conlin Loy (o3 03
aS YL loce pu (gl aml [0 058 oo 05 Wiy HAD don b 900
il s iRl sy onl g alsE ae les Slilel el

5 Jae-10
L sa0S dae 5 (5,95 9 atiles  Fay 4o lan) s s
Gk 285 Gl s alie 1) Jlsed an 2 Gl (095 <o)
S5 b e plae b 252 Cuzr Joe (n e A S S90Sl i
30 a5 jeblen .l oals 00g03] 55 9,055 Caio jo &S Sl 5 Juw
ot gl aoys (Sile 03,5 o saalin 2 Jour 5 "15 JS5"
Ay 4o pols Jaw ass e plis aS audly als as e 1181 6 el
P (oot A5 g wwlgS sletel 900 (wled 4l gLt g (655505
sl mie S Syl o Uas e 558, Vb g oo onus 13 IS
ol 5o o dalss s 50 (e 50 5 Joe 4 plisebl pae Glis a5
oSl sgusme plell ko ol S (2lei 50 S slerin anee)
|y oS sl fiasks 140wl Cop o 5 Jan alisadss o5
YU oty 1 4550 (6355 65e5yl5 &) bl ssima i o5 axils

Joot 3 Jo-11

e ol 55 a5 el b g o )l 353 sl e Joe

o0 =\§|)| 6LQJ..\A ) 3990 Lgl.{bUa} 2 Jgu\a
Table 2 Errors in the proposed models

L kS 140 el 100 iasls 60 iasls 30

Oeiles celw celw celo p cels p e
11.05 5.55 15.42 8.67 1458 sy Joe
11.81 5.62 14.71 6.45 20.45 5 Jse
35.61 17.60 27.67 13.15 73.96 SIS Jawe
15.18 12.79 11.99 18.21 17.73 ot
Qj.,\;u

6 oo 17 0551396 D92 pigkhs ‘L’u)'.\.o Asls, Fodis


http://journals.modares.ac.ir/article-15-277-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:08 IRDT on Sunday May 13th 2018

I3 ez 9 (59 Ml Jumo

3930 ylall 3uLT 9 Sl S5 585 pake Sl G 15 303 LR S Y33 Jl S S eI Jgliie &3 HUad Fra 3 Gilwd e

for tangential solution of the wheel-rail contact, Vehicle System
Dynamics, Vol. 54, No. 6, pp. 748-764, 2016.

[14]S. H. Park, J. S. Kim, J. J. Choi, Reference slip ratio generation and
adaptive sliding mode control for railway rolling stocks,
International Journal of Precision Engineering and Manufacturing,
Vol. 10, No. 2, pp. 39-44, 2009.

[15]H. Sakai, Tire Engineering, pp. 44-51, Tokyo: Grand Prix, 1987.

[16]C. de Wit, H. Olsson, K. J. Astrom, P. Lischinsky, A new model
for control of systems with friction, Automatic Control, IEEE
Transactions, VVol. 40, No. 3. pp. 419-425, 1995.

[17]T. Piatkowski, Dahl and Lugre Dynamic Friction Models the
Analysis of Selected Properties, Vol. 73, Elsevier Ltd, pp. 91-100,
2014.

[18]V. Van Geffen, A Study of Friction Models and Friction
Compensation, 2nd Edition, pp. 22-30, Technische Universiteit
Eindhoven, 2009.

[19]D. H. Lee, J. W. Seo, S. J. Kwon, H. Y. Choi, Three-dimensional
transient rolling contact analysis of similar elastic cylinders,
Procedia Engineering, Vol. 10, No. 112, pp. 2633-2638, 2011.

6 oot 17 0551396 D93 ety o )30 Splle (i

[7] K. L. Johnson, The effect of spin upon the rolling motion of an
elastic sphere on a plane, Journal of Applied Mechanics, Vol. 80,
No. 12, pp. 332338, 1958.

[8] D. J. Haines, E. Ollerton, E. Ollerton, Contact stress distributions
on elliptical contact surfaces subjected to radial and tangential
forces, Proceedings of the Institution of Mechanical Engineers,
Vol. 177, No. 1, pp. 95-114, 1963.

[9]1 M. Sh. Sichani, R. Enblom, M. Berg, A novel method to model
wheel-rail normal contact in vehicle dynamics simulation, Vehicle
System Dynamics, Vol. 52, No. 12, pp. 1752-1764, 2014.

[10]J. J. Kalker, Rolling Contact Phenomena : Linear Elasticity,
Critical Incident Stress Management Courses Lectures, pp. 1-84,
2000.

[11]P. J. Vermeulen, K. L. Johnson, Contact of nonspherical elastic
bodies transmitting tangential forces, Journal of Applied
Mechanics, Vol. 31, No. 2, pp. 338, 1964.

[12]S. Iwnicki, T. Dahlberg, Handbook of Railway Vehicle Dynamics,
pp. 213-251, Crc press, Taylor & Francis group, 2006.

[13]1M. Sh. Sichani, R. Enblom, M. Berg, An alternative to FASTSIM

256


http://journals.modares.ac.ir/article-15-277-fa.html
www.SID.ir

