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ABSTRACT

The contact between wheel and rail causes stress. Stress that part of the
damage which is causing the accident derailment is extremely dangerous. To reduce
such impact, thus receiving maintenance by grinding Rails regularly. To remove the
crack surface. The objective of this project Failure Analysis of Rail-Wheel after step
grinding. To study the distribution of stress by using finite element method. Models of
wheels and rails used in the analysis by the finite element method is three-
dimensional. The influence of area was investigated the stress distributed in subsurface
rails into 3 levels from contact to subsurface rails and Finding the relationship of the

distribution of stresses in the grinding each level.

The results of this study provided the condition before grinding had a
deformation of energy is 4.975 and the condition after the condition of 6 mm had a
deformation of energy was 5.072. In addition, the condition of the grinding condition
of 12 mm and 18mm had a deformation energy are 5.218 and 5.296 respectively. It
can be seen that when the rails have more grinding. This will result to deformities

easier.

Keywords : Finite Element Analyis,Stress, Wheel-rail contact
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2.2.2 Aun9n9saln (Track gauge)

sreevesEnInei sl imislgdntlantiaionitanunitmnsaln Tae
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= 1 o s o &
LIBNTT ULRMBILNT NUTUINAIIUNITY 1,000 L.

Track Gauge

JUN 2.3 uanspnuninevesssaln

A13199 2.2 LAAITUIAAINATI9IUD95 199 TDAR 199

ad a [ v
YBLIYNAITUNINGIN YUINAITIUNITY
uasana (Board Gauge) YuIRAMUNT9N3T 1,600 At
aunumnsang (Standard Gauge) YUIRAINNTN 1,435 Hadiuns
wAULNI (Cape Gauge) YUIRATINNTIY 1,067 Hadluns
fimasina (Meter Gauge) YUIAALNTIS 1,000 Hadiuns
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2.3 aasalw [1]

é’aialwmﬁﬁag’luﬂiamﬂlwalﬂuuw Wheel contour #elagnanudasunaindszine

as 4' =S - =l o A v (-7 g
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M19199 2.3 UaAeAININTE I RI [1)
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1.5 Uunaneafuunans Au 24 dalug
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2.6 Uadeduninananisduvesasiaausaln [1]
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A15197 2.4 é’miﬂﬁhumaaLé’uciflguefﬂawuawsmiwan 1 8 N5INSTUDN 2

D/ D; 1 15 2 3 4 6 10
o 0.908 1.045 1.158 1.350 1.505 1.767 2,175
B 0.908 0.799 0.732 0.651 0.602 0.544 0.481
A 0.825 0.818 0.804 0.774 0.747 0.702 0.641

03U 2.12 vhmsiwamanuAunnIseuuiduiaseni ingndnuilAdey
’[?ﬂ%’wqwg‘j Hertz Contact Iaaf1uasuwuy Cylinder on a cylinder: axes at right angles way
AT 2.2 UARISATIAMUAURIALENA19U0TUNUNY 2 Ui vin15AuIuA AR

WNATUSENINMTNFUR ARG

WiinasmAn €, 310 (2.1) Tagd v, Aa Poisson’s Ratio 9845749, v, ABPoisson’s

Ratio 19448, E, Aofmandavresnuinveuuessn, E, Aoruagdavesninuianguuoids

YIINITANUIURI VLA NUA AL AU AL AN UNENATILAY (C) Anaun1s (2.2)

c=a3/PK,C, (2.2)
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nsmAn ¢ AeArvunaiuiinihdudaldsunundnaswny, K, =(D,D, /D, + D,)

o ¥ n' @ L 4 ld!
nsmunaiuivihdudaldsunusesniunu (d) mueauns (2.3)

d=pm[PK,C, (2.3)

A1 Piluvunavesussivinsedusiu inismiAianuifudaingegaiiiniuuy

wihdudassnIdenuIesalwaInaunis (2.4)

(QLM=52 (2.4)

5UN 2.13 wamansdudanuuesingassuily

03U 2.13 ¥IMIAMUINAMAUTILAATULUY General case of two bodies in contact

WMsenue K, 3naunis (2.5) Al

1.5
" 1/R +1/R, +1/R +1/R,

(28]

D
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o T | | v v ' &
AunldulanaNgauargegavasimiinnulfwes R uas R, v99¥uau 1, uay R, uay

' & ° o ! § i Y a a 1 ot <t @ .ﬁ' B~
R, wes%usu 2 imsinamasiiaiuividudaldawnuwanasauny () furuiaiiud
wihdudalasunusasaiaunu (d)muauns (2.2) fu (2.3) wazyiinisauaaAiAuLAud

NATUUUIMNFURASE WA enUsT 9o lauannis (2.4)

Ineluni1sAulnuy General case of two bodies in contact A1 @ , 8 wag A Mldlunis

ﬁ’IU’JﬂJﬂ’m’]iﬂﬂﬁlﬁ‘{ﬂﬂﬁﬂ‘iN 2.5
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cost 0.00 0.10 0.20 0.30 0.40 0.50
a 1.000 1.070 1.150 1.242 1.351 1.486
B 1.000 0.936 0.878 0.822 0.769 0.717
A 0.750 0.748 0.743 0.734 0.721 0.703

cosf 0.60 0.70 DL 7 0.80 0.85 0.90
a 1.661 1.905 2072 . 292 2.600 3.093
B 0.664 0.608 0.578 0.544 0.507 0.461
A 0.678 0.644 0.622 0.594 0.559 0.510
cosd 0.92 0.94 0.96 0.98 @9

a S50 3.824 4.508 IS 7.774
it 0.438 0.412 0.378 0.328 0.287
A 0.484 0.452 0.410 0.345 0.288
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M99 2.6 KARIATNITITLADTAN9Y

Parameter Value

Gauge (g) 1435 mm

Cant Angle (¢) 1:40

Distance between contact point 1500 mm

(L)

Wheel Radius (r) 460 mm (new), 420
mm (worn)

Distance of contact point (k) 70 mm

Distance between contact point 14 mm
and flange (m)

UIULDAUUATIRUAVDWUUIIADI 179458 1OAIUS Laz220970 LoEwIUd V8948
WALTNAINAIAY T1UIULAUANINLR 126261 TNUA WAL 176896 Lhum ¥09dpLars14

AUAINU

b)
Von-Mises stress (MPa) (Rail

8,34 1T, ; 156, 34 4, 19,192
47849 Max 34473 28641 189,87 12618 75221 26,838  0,077663 Min

Von-Mises stress (MPa) (Wheel)

ax % ¥ 1,UbYd : £
27849 154,24 921281 53718 24203 0.052825 Min

5UM 2.16 uanmaannisinaesniesadouisivludiediuud

NAINNNTIVLV WV INTIUDINTSNSEAefaRIauAuludalaz s
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unit 3
A5n15A1L 0 UN15IY
3.1 Unun

Tunisnmautazaniiunisideluidaises “A15AsIEiNISAUNETENI9aDUAY
Trmaaniaifgdsnlugvuvvaindalagldssifsunnedwludiodinud ” Tnsdunou

ANSALTUNIIVY Fedlsneazidunmail

1. AnanAdouasguiiieidowmasnaunuiAnuargauszasdueinisive

2. daesendeya wasfinuisnsldlnludiediuud

3. panUUUABLAEI e lYRT MU LAY ANANYATATULUUY DY
TAsen1sszuurudmesaliidemsineniasugassugiivazaniivuds
Q’Iﬂamimmﬂmulmﬁm (Suvarnabhumi Airport Rail Link and City Air
Terminal)

4. yimsalmswinsdudaiuseninadeuassnalasldszsdeumsinludiofiuus
wazasIvd@aumNgNfaslaenslisuiunIsineilaslivgul Hertz
Contact

9 9

5. ynmsiaTen Tuiindeya wazasunavednsie

o v
3.2 LLUURA99UDIaDLaYsg
ylszavdlunInasd iefnwinisnsgresiivasanuiiluanzneuuas
waadeiig duiselanudeyadnunsuazsnnaidfivasaouazseainlasinsssuuyLdmng

solWideuviteniAsugassaginazaniduudalavaisenidenuludies (Suvarnabhumi

Airport Rail Link and City Air Terminal) #ai
3.2.1 AaandRvesdesoln Ju EN13262

dasnlwsia EN13262 ER8 ludannialasinisssuvrudmissalwidouvii
g1 ugissaiuavanifvuddlnoaiseiniaeruluiias (Suvarnabhumi Airport Rail

Link and City Air Terminal) @enld
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i
i, N AR (4 PR B L s (e K L Lt

AT 3.1 SnwnienenIen YIS sa EN13262 ERS

3.1 Chemical composition

3.1.1 Values to be achieved

The maximum percentages of the various specified elements are given in Table 1.
Table 1 — Maximum percentages of the various specified elements

Maximum content in %"

Steel

grade c Si Mn p° g™ Cr Cu Mo Ni v Cr+
Mo +
Ni

ERG 048 | 040 | 0,75 | 0.020 | 0,016 | 030 030 | 008 | 030 | 006 | 0,50

ER7 0,52 0,40 0,80 | 0,020 | 0,015 | 0,30 0,30 0,08 | 030 | 0,06 0,50

ER8 0,56 | 040 0,80 | 0020|0015 030 | 030 | 0,08 | 030 | 0,06 | 0,50

ERS 060 | 040 | 0,80 | 0,020 | 0,015} 030 | 030 | 008 | 030 | 0,06 | 0,50

* For special applications, variations within the maximum limit of these values may be agreed.
® A maximum phosphorus content of 0,025% may be agreed at the time of enquiry and the order.

A minimum sulfur content may be agreed at the time of enquiry and the order according to the steelmaking process in
order to safequard against hydrogen cracking.

M 3.2 dudseneumnaaiivesianlunisaindesiia EN13262 ERS
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3.2.2 AuauUAveIT9Tia UIC60 Wusieiimnalasinisssuuaudmnsalwionsiy
annAeuasuiuazanvudedlagarsoiniagruluies (Suvamabhumi Airport Rail

Link and City Air Terminal) danlaf

EN 13674-1:2003 (E)

B
oA
Dimensions in millimotres B & ¢ t

51

12

05

s

Key

1 Centre line of branding

Cross-sectional srea 76.70 e
Mass per medre 80.2% kgim
Moment of inertia x-x axis ;30383 em®
Section modulss « Head © 3338 emd
Section modulus - Base . 358

Moment of inartia y-y axis 5123 emd
Section modulus y-y exis 68.3 o
Indicative dimensions : A = 20,456 rmm

B = 52,053 mm

a ) w
ATMNAN 3.3 FNWUENINIEATINUBIT 5% UIC 60

<l | - 1 a =
sunldlulasinmsszuvvudmssalii@euvineimasugissugiivazannd
‘uuﬁaﬁ:ﬂﬂﬂa’limmﬂmu’lmﬁm (Suvarnabhumi Airport Rail Link and City Air Terminal) 4
29im ABUIC 60E1/Grade260 Standard Rails waz UIC 60E1 Grade 350 HT-Rails &al4lu

USLIUNNATIAENIAIRINEIAU



29

A19199 3.1 uansAfaanUATanUeITavling1eY

YUAVDIFI9

ANAEUTR YA

L]

UIC 60E1/Grade260
standard

Manufacturing Standard :EN 13674-1
Chemistry (%)
C: 0.60-0.82 Si:0.13-0.60 Mn:0.65-1.25 S/P:0.040 Max
Mechanical Properties

Tensile strength > 880 Mpa

Elongation > 10%

Hardness : 260 - 330 HB

Non-Metal inclusion test (Type A <2.5 , Type B< 2.0, Type
C< 2.0, Type D < 2.0)

Shall be carried out as per ASTM standard.

UIC 60E1 Grade 350
HT-Rails

Manufacturing Standard :EN 13674-1
Chemistry (%)
C: 0.70-0.82 ; Si:0.13-0.60 ; Mn: 0.65-1.25 S/P: 0.030 MAX V:0.12 Max
Mechanical Properties

Tensile strength : = 1180 Mpa

Elongation = 9 %

Hardness : 350 -390 HB

The dept of hardness shall be 20 mm min
Non-metal inclusion test (Type A <2.5 , Type B< 2.0, Type C< 2.0,
Type D < 2.0)

Shall be carried out as per ASTM standard .

3.3 YunauN1sAIUIIUIY

3.3.1 VINN153ASIEMNNsAUE AN uesaaLarIlunnaasdf lnaldlusinsy Marc

mentat WelviglUsuiinudilanazannsansisasunisinsizimslludiofiuuding

ANILTadalsns ol lneAeulvvauvauaginaniinsehladeyauainlasanisssuvauds

vissabii@euvitetniasiugissugivavdaitoudiglnoaiseinideiuly

£%
(=1

W4 (Suvarnabhumi Airport Rail Link and City Air Terminal) @l
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Title Hertz contact problem
Problem
Geometry Cylinder of length L >> D; p = PIL w0
Kp=D P L 10N
[ T
B W ] y
[ X
I e -
Material properties E = 30x10% Psi, v = 0.3 for steel and E = 10x10°Psi, v = 0.33 for Al
Analysis type Static with elastic material behavior
Boundary conditions Symmetry with point load pushing cylinder into block
Element type Linear and parabolic plane strain quads
FE results

o < a v a ¢ o W w
AINN 3.4 LLaﬂQLQﬂUVL?JL'il]C"IUIUH']?'JLF]?'T%Wﬂ'liﬁMNﬂﬂU

3.3.1.1 i saginisdudanuseuidanazssluiinassdls lnenns

o = a v oa v #
AvuaRauluEusuRsudeiduwuy Mesh Deforming

et

o O
-

......

......

o408

\ogondo
g

= a oo a v .
AH 3.5 wanamsiessilagldSeuluisuduresdeiduwuu Mesh Deforming
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foc_y

Foc_x

et e

o ; = .
2N 3.6 wananiifix displacement Y89n153LASIEALUY Mesh Deforming

50000+ 002
223 +004 f

“4.52Te-+004

“9.11 34004

1. 14104005

ﬁ'}w—-

+1.370e-+-005

o L2 a € g v s
ANH 3.7 LARIHAANSYDINTIATIANTAUNAANULUU Mesh Deforming
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3.3.1.2 YINMTATIERN S AN UTE I Ao LAz s luRAnaeelif Taenis

o - = ¥ a v o
AmuaReulusuAuRI NI duRUY Rigid body

L7 AL

] a [ ) v .
A 3.8 waman1sinszilesltteulatusiuresdeiduwuy Risid body

- et

A7 3.9 wananTs fix displacement ¥8IN5IATILVRBLUY Rigid body
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000e-+000 - et wm

=1<
d 1]

= [V a € v .
NINH 3.10 LAMINAANTVDINTTIATIENRDILUY Rigid body

3.3.2 ynnslenginisdudaniuesdeuasssluiinnasalflae Idmguinsdudany
984 Hertz contact lnglddeyalumsiiasiziainlassnisseuvrudimmssalmidouvineinis
erugIssugiuazanitvudalnsaiserniaeuluiay (Suvarnabhumi Airport Rail Link
and City Air Terminal)

9INUHIED Roark’s Formulas for Stress and Strain (by Warren C. Young, 1989 , pg 651)

[4] @ansamAmAUEIEalaan

Cylinder of length L >> D; p = P/L

Kp=D

RO T . Y T THEL S T W T L T

ANA 3.11 UARINTIAUIUNAIAINLAUESER
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1—p1? N 1—1p22
E1 E2

Where Cg=

el
KpCg

AIATLAEER (Max o) = 0.798

'
v

3.3.2.1 mylaszinsduRanulaglingu Hertz contact lunsdifdaifuwuy

Mesh Deforming
p= 10" psi

K,=D=10in

1—p12 ¢ 1=v22 10829 4-0.332
K = A
3x107 107

E1 E2

p e _

Max O = 0.798 = 0.798 = = 2309 ksi
KpCg 10x1.194%x10"

ady

3.3.2.2 myinsevnsdudanulaglivgui] Hertz contact lunsdinaaiduuuy
Rigid body

Cgp= = 1.194x107

K,=D=10in

1-v12  1-v22 1-0.332
+ = =
E1l

E2 10
p 105
Max O = 0.798 = 0.798 —~ = 267.325 ksi
KpCg 10x8.911x10"

Cg= +0=28911x10"*
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3.3.3 msigatnugneios

a I3 a e & 0w o
msiigaamugnissresnsiinszituduiuneudidylunisgaiuddefieves

L]

wuud1ae lusuisedavihnisimsieilagsedeunisliludiediudiussudisuiunis
Aualnglinguimsdudatiuvesingaeswiin Hertz contact theory

ﬂl 1 o 1 - € Y s o
A15199 3.2 LARIAINITANUINSEWININITIASIEvae W lud e S luudLazn1sA Ul e

Hertz contact

Quard4 (Mesh 16x40) Quard8(Mesh 16x40) Quard4 (Mesh 32x80) Quard8(Mesh 32x80)

2 Deforming Rigid | 2 Deforming Rigid 2 Deforming Rigid 2 Deforming | Rigid
10* psi 105lb 10% psi 10°1b 10* psi 105Ib 10* psi 10%1b

FEA 228 ksi 268.3 ksi 280 ksi 261.4 ksi 240 ksi 268 ksi 266 ksi 268 ksi

Theory = 2309ksi  267.325 230.9 ksi 267.325 ksi 230.9 ksl 267.325 ksi 230.9 ksi 267.325
ksi ksi

File = Hertz 2710 Hertz_Cur  Hertz 2710 Hertz 2DQua Hertz 2710163 Hertz Curve 3 Hertz 27101 [Hertz 2

name 16 ve 16 rd 2 80 2_80 6 DQuard

3.3.4 myAnsinsdulassrindeuazTavanside ssddugluuvaedinlaeld
=l § a (3
suidoums Inlusiedumg

M50 3.3 uansAidenavesiandnaniuessn

swnInaNURvesdan AauRvesTan
Modulus of elasticity; E 207 Gpa
Yield stress; Oy 483 Gpa
Poisson’s ratio; V 0.3
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= | oo w v
A19799 3.4 UEAIANNANAYVBIYARDLAE TN

Parameter Value
Gauge (g) 1435 mm.
Cant angle (c) 1:40
Wheel radius 850 mm.
Load 100000 N.

3.3.4.1 MsfimuaTagliuuudiaed

o/
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o P v ° = ¢ v v w | %)
3.3.4.2 nMsivuaReulvreuwaliuudiassnisimnginsdudaiusenindouas
smanmadyinslugiuvuasdilagldszdeunslwludioduud sziwualiuiinugu
1= P ° I ¥ = a =
seazliifinsndouluwuaun x way v wazasinsaddwuntuinvisluauinaing
1% - o v o =1 1 ] v a v o @ Z
aatiaiuualvlnuasiuudumdiiunselidounuusenasnseyinusn (point load) wag

o o s i.j =l A A
N IAMUA AL UAR U LT NSIAR 0 UALUILAY X

it et

AN 3.13 wananismvuadaulvveulesslusunsy Marc mentat

3.3.4.3 ¥IN15UATIEVNISITUSTNIAUAEIUTEAU AD 6 mm., 12mm.uag 18mm.

] I w 4 d v o dl ;% 1 b
IasnsivunanJaguazimuadoulereuwaliiuuaosmuilang g

— 1
T

Grinding 18mm.

Grinding 12mm.

ANA 3.14 wanan15iasieinisiiusssluanuseausslusunsy Marc mentat
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COMP 11

2000

-4000

-5000

full ———gmm ——12mm.  =—18mm

a el 7 Y}
WA 3.15 UanInsIANNANTUSY09 011 wae arc lengthlunisiussanussiu

summary

6mm  ——12mm ——18mm

full

Al 3.16 uannsmMANNERUSUBY O puay arc lengthlumsidesseausysiv

35



39

summary

2000 |

4000

-6000

-8000

-10000

-12000

full ————6mm. ————1Zmm. =———1Bmm

l=l s o L3 =l a
NN 3.17 LARINSIINANMUFURNUTVDY O, uay arc length Tun15idessisausysiv

Summary

9.00E+03
8.00E+03 |
7.00E+03 |

6.00E+03

5.00E+03 |

4.00E+03
3.00E+03 |
200E+03 |
1.00£+03 |

0.00E+00
0.00E+00 2.00E+01 4.00E+01 6.00E+01 8.00E+01 1.00E+02 1.20E+02 1.40E+02 160E+02 1.80E+02 2.00E+02

full ———6mm. ——12mm. =18 mm.

= @ o § . a6
NN 3.18 LAAINTINANNAUWNUTVDY vonmises stress Way arc length Tun1sidsseany

S¥AU
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3.3.5 MIlATEinsduasenindeuarsmdinisde ssrelugluvvanuiiplagld
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