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Development of a Wheel/Rail Geometric Contact Simulation
Program

#FJA’, ojle3’, AR’
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Abstract

Wheel/Rail geometric constraint relationships, such as effective conicity and gravitational stiffness,
strongly influence the lateral dynamics of railway vehicles. In general, these geometric contact
characteristics are nonlinear functions of the wheelset lateral displacement. There is a need to develop a
wheel/rail geometric contact simulation program for wheels and rails with arbitrary profiles for the
prediction of the dynamic behavior of railway vehicles. An algorithm to simulate any combination of
wheels and rails is employed and a GUI for easy analysis is constructed. The simulation program is
applied to KTX which will run on both KTX and conventional rails, two rail standards having different

rail profiles. The results show that the two rail systems have different geometric contact characteristic
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Fig. 2 Wheel/rail coordinate system
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Fig. 3 Computational procedure for the

wheel/rail contact analysis

1) = 937 gd Eol
TR Ve ¥, VS A ZAL

@ A% 2

.3

dozw A

Sp=arc tan[—w_dxwim) ]

_ d
8, = arc tan[ iy (r7) ] 8)
() #Ftstd sHAREA Aol
Vi — v
A= o)
(4) A58 P57 2ol
8,— 8 :
o=yt (10)
() 27

" . (v, —yp)+x,sinB; —
T e tan o, a,+x, +x,)cosd,

%, sinfBpt (v~ rp)cos é,

(11)
0 &5 2374 A
=1/2[y; + yptx, sinf, +x,smBy+
(r +7rp)cosg, ]—1/2[y,_+yR+x sing; +
x, sinBr+ (rp+rg)cosd, ], (12)
o ¥3 38 w3
[l +( (7’/())2] 312
Rwheel
d—zw
[1+( d 2]3/2
Lwhed:_ 2
dZ‘Z (o) (42
HAAE  Ar a8 ¢ wist F Hd¥gelty Mg
Su4 e B4 A0 T AR BAe 149
2ol AoHtl aHERZ HYEA M WA (1HE
1gste] A3EsE Ar, 40,98 AMTLEN & &
2o Fudel U FE/AY HE 54 BE 7
& F &5 FUAT ZNAN 4719 4BAS w
57 Gt
+———-f(x2);ﬂx3)(sin ‘—‘f—gi—sin 1%)
+ f(x1)+2f(xn 1) (sin 1 iﬂ — gin 12821 )
(14)
o} 714,
x=0,x,=A

SIRA T StS/=EA | M6 | 15 / 20031 / 61



o AnEd PRIAS 2ol e TR A8/
Neetd P& 8 Aol aﬁo}oq AZHAY. BZl

Z 270
‘$~°ﬂ/~1h A719) A&/ 71sket

%3 #E MEREHSE o]&ddy. B

313td HE A dnEH AEFH

l
[712 ol&sWAM GUISt %3tst7] 93}

Foed
o dF st AR £ wielA AdE A

#/84Y  71skEA ANEH ol ZRIY
(W/RAIL)9] 215]/43-& Hrtsty] 9Jste] dmatsd A
& 5938t sj4 TZ I3 VAMPIRES} ®|uE 83}
Qrk HwE ¢35t VAMPIREY A o] &3 34 o o]
HE 292 H&3l4h Fg 55 Aa/#Ed HE
2 A7 F 5 AE9 IANAEE BAFa vk
5 2o Anrt AAHom {4 7&!?%% B
53 k. a#u FWHA HEFAAMFEHE ©
ZtolE Heoli Rtk olejdt Aolef €L o] &E
2 dlole Fol ofF oz ddEn. 2 =&
AL LaZ)ME VAMPIREG A o] &3 3
tolg RO g o AT Ho|r] wEolh
HEg ol&He dHolH 4, thakAe] Aol 2% 3
4o A4S vy e @A a7Eh

4%

oﬁLLIo,EB:,oﬁL'L

490 .
] —— Original Profile
- - - Fitted Profite
485

480

l Coefficient of correlation : r = 0.99997 |

X (mm)

Fig. 4 KTX wheel profiles

62/ BlRE == 2E | H6H [ 15 / 20037

—— VAMPIRE
- WIRAIL

£
£
T 4704
>
465 |
460 -
455 T T T T T T T
-40 30 20 10 0 10 20 30 40
X (mm)
Fig. 5 Rolling radii
3.2 GUI Jjj

31014 4@ A8/AQ JeEH WE Gz

aYE o] &3] S8t AE/AY Vs HE
Eold AL GUIE Adelgn. 2 =2

& FRI7F a3t AaE/Ed vlekey HEF 8
7ot}
At @A 3

AHEE7] AR AHE THRdE
Fig. 6& Z2ad9 Fx& HoF1
REo2 Compute -8 & 4, #@d 34,
4o 71&7), Az FRAANN o
gl HF 4 FAsE NFE 2

View and analysis

—_

>

J{m

A1
~

&l

ol

o 249 ofurloldor AaE NG S

Pt A7 F$E A5 HE QUdo|an

Ao 2z NG EAG AR AA
o A1 5 IR

aoi HAE EAAL
result view and analysis
& E4e mass 71%e 7. Fig 72
4 gtEez gz 49, qurold F9,
& EA Gees FLso A B4 1239

A7 ge EADT

l‘li‘
w
ol

dpr o ::‘ lo

(1) Wheel contact position

(2) Rail contact position

(3) Wheel rolling radii

(4) Rail head profile height
(5) Wheelset contact angle

(6)

6) Wheel rolling curvature

= 3t} Multi
FAA S Aol

i) _llm iy



StH & AMEold ==Y ML

(7) Normalized rolling radii difference
(8) Normalized contact angle difference
(9) Wheelset roll angle

(10) Wheelset vertical displacement
(11) Wheel transverse curvature

(12) Rail transverse curvature
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