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ABSTRACT

This thesis describes the experimental study on the wear characteristics of rail-
wheel system under rail misalignment. The experimental model of the rail-wheel systems
in this study are the equivalent system to obtain elliptical contact. The model of rail-
wheel system has been designed and developed. Experiments have been set up at fixed
speed and load under misalignment rail conditions. Contact area and wear can be
obtained experimentally for the rail step change to 3 mm and 5 mm respectively. Contact
pressure can be calculated by using Hertz contact theory. Experimental results of
misalignment rail-wheel system are compared with the experimental results of rail wheel

system under alignment.
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=l . a L. v 4 =
a131e 2.1 MmaFeuileunndiavivaduusvesrrulimimduglisviada (R, = 1.0 cm)

Radius Ellipticity Complete elliptic Complete elliptic
Ratio intergral of first kind intergral of second
a, kind
k i—c Error r I Error c z Error
exelp e b e %
1.00 1.00 1.00 0 1.57 | 1.57 0 1.57 | 1.57 0
1.25 1.16 1.15 0.66 1.68 | 1.69 | -0.50 | 1.46 | 1.45 | 0.52
1.50 1.31 1.29 1.19 1.78 | 1.80 | -0.70 | 1.39 | 1.38 0.76
1.75 1.45 1.42 1.61 187 | 1.89 | -0.75 | 133 | 1.32 | 0.87
2.00 1.58 155 1.96 195 ) 196 | 073 | 1.29 | 128 | 091
3.00 207 2.01 287 | 218 | 219 | -044 | 1.20 | 1.19 | 0.83
4.00 2.50 2.41 335 | 235 | 236 | -0.11 | 1.15 | 1.14 | 0.69
5.00 289 | 2.78 361 | 249 | 248 | 0.17 112 | 1.11 | 0.57
6.00 3.25 3.12 374 | 260 | 259 | 0.40 1.10 | 1.09 | 0.48
7.00 3.58 3.45 380 | 269 | 268 | 0.59 1.08 | 1.08 | 0.40
8.00 3.90 375 381 | 277 | 275 | 0.75 1.07 | 1.07 | 0.35
9.00 4.20 4,05 378 | 285 | 282 | 0.88 1.06 | 1.06 0.30
10.00 | 4.49 4.33 374 | 291 | 2.88 1.00 1.05 | 1.05 | 0.26
15.00 | 579 5.60 3.32 3.16 | 3.11 1.38 1.o3: | 1.03 0.15
2000 | 692 | 673 | 281 | 333 | 3.28 | 1.60 | 1.02 | 1.02 | 0.10
2500 | 7.94 1.76 2.29 3.46 | 3.40 1.74 1.02 | 1.02 0.07
30.00 | 8.87 8.71 1.79 | 3.57 | 3.51 1.84 1.01 | 1.01 | 0.05
35.00 | 9.74 9.61 1.32 | 3.67 | 3.60 1.90 1.01 | 1.01 | 0.04
40.00 | 10.56 | 1046 | 0.87 | 3.74 | 3.67 1.95 1.01 | 1.01 0.03
4500 | 11.33 | 11.28 | 0.44 | 3.81 | 3.74 1.99 1.01 | 1.01 0.02
50.00 | 12.07 | 1206 | 0.03 | 3.88 | 3.80 | 2.02 1.01 | 1.01 | 0.02
60.00 | 13.45 | 1352 | -0.72 | 3.98 | 3.90 | 2.06 1.00 | 1.00 | 0.01
70.00 | 1447 | 1494 | -1.40 | 4.08 | 399 | 2.08 1.00 | 1.00 | 0.01
80.00 | 1595 | 16.27 | -2.03 | 4.15 | 4.07 209 1.00 { 1.00 0.01




aTN 2.2 Unngnisalvesdnsidusaiiuumsnfiwesineg Aldlunsiuimmudues

Hduia
Radius Auxiliary parameter Radius Auxiliary parameter
Ratio t 5 Error Ratio t o Error
a, e, % a, € ,%
0.01 571 7.00 -22.17 2.00 1.14 1.18 =3.f1
0.02 4.42 4.86 -9.87 3.00 1.09 1,13 -3.78
0.03 3.81 3.98 -4.49 4.00 1.06 1.10 -3.45
0.04 3.43 3.48 -1.15 5.00 1.05 1.08 -3.03
0.05 3.16 518 0.25 6.00 1.04 1.07 -2.62
0.06 2.96 291 1.58 7.00 1.03 1.05 -2.24
0.07 2.80 2.73 2.42 8.00 1.02 1.05 -1.91
0.08 2.67 2.59 3.01 9.00 1.02 1.04 -1.61
0.09 2.56 2.47 3.43 10.00 1.01 1.03 -1.35
0.10 247 2.38 3.72 15.00 1.00 1.01 -0.50
0.20 1.96 1.88 3.90 20.00 1.00 -0.09
0.30 1.73 1.68 2.86 25.00 0.12
0.40 1.59 1.56 1.79 30.00 0.21
0.50 1.50 1.48 0.85 35.00 0.26
0.60 1.43 1.43 0.05 40.00 0.27
0.70 1.38 1.39 -0.62 45.00 0.27
0.80 1.34 .55 -1.19 50.00 0.26
0.90 1.30 1.83 -1.66 60.00 0.24
1.00 1.28 1:30 -2.05 70.00 0.21
125 1.22 1.26 -2.78 80.00 0.19
1.50 1.19 1.23 -3.25 90.00 J 0.17
1.75 1.16 1.20 -3.54 100.00 Y r 0.15

11
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(2.27)

1 o o i o - J A o 1 J Aﬁ o s J
mﬂ’numuﬂ’uwaqqqmzm'Nmaniz'uaﬂ 2 U INAYUNAULMUIATINANVDIWUNHITUN U

1 3 ar J
A INANNITAIY

_oF
Poe = 00

NIYBIANULAY (State of stress) @usavmlaein
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251 ann'ﬁ'ﬁug'm'umnﬁﬁnma (Archard’s wear equation)

kWl
R (2.38)
¢ H
il k= AdulsEavSAnsanuse (Wear Coefficient)

W = uwsansevinlukuasaain (Normal load), N
A
I = szeenvean1seaaun (Sliding Distance), m

0 = YimsvaamsAnusa (Volume Removed), mmr’
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2.10.2 madeaniuuuunas (Rolling Friction)
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3.3 WHUABLATHANUTIIIAEDU

v doe vo w - o
Yagimhunldirdanazssalwlunismegeu Ao wéin S22C Lﬂunaql.wﬁﬂmuu'\msﬁ'm JS

4

{ o wa o PV &
G4051 FallpuantRBinaswialuil

A1379 3.1 pauauURdinavaunin JIS G4051-522C

MECHANICAL PROPERTIES METRIC
TENSILE STRENGTH 425 MPa
YIELD STRENGTH 360 MPa
SHEAR MODULUS 80.0 GPa
BULK MODULUS 140 GPa
ELASTIC MODULUS 210 GPa
POISSON’S RATIO 0.30
ELONGATION AT BREAK 15%

a o o o VoA
TagFagminunlglunisvitasuarsnesalu laldeanuinuanggiu AAR M107 wag ASTM

A504-89 Fadausuinmuesdesaliuvadu 5 Ussiam fie Ussiam U, L, A, B uae C TaoTagillddn

agludesalwussian L

A1579 3.2 NMSUUUsTAVIvasaesalweuiInggIL ASTM A504-89

Class| w/oC BHN Service Condition
U 0.65-0.77 - General service where an untreated wheel is satisfactory
Light wheel loads, high speed service, more severe
L <0.47 | 197-277
braking conditions than other classes
Moderate wheel loads, high speed service, severe
A 0.47-0.57 | 255-321
braking conditions
Heavy wheel loads, high speed service, severe braking
B | 0.57-0.67 | 277-341
conditions
(1) High wheel loads under light braking
G 0.67-0.77 | 321-363
(2) Heavier braking conditions employing off-tread brakes
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M1519 3.3 viavaaususelunisvegay

Case X value (mm.)
1 (Alignment 0 mm.) 0
2 (Misalignment 3 mm.) 3
3 (Misalignment 5 mm.) 5
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3.4.1 dauazineTalnase
nn1sduRavaIdawazsesolwasaduwuunisdudaveansanseuaniusruiu

(Cylinder-plane contact)

a1573 3.4 AvvinaqililunsAmnamiudududagigavesdauassnasaliads

Conventional Wheel Conventional Rail
Normal force, F 73,575 N
Contact diameter, d 854 mm oo
Effective length for contact, | 17.6 mm
Young Modulus, E 210,000 MPa 210,000 MPa
Poission Ratio, v 0.30 0.30
- R

=0.01636

5

2 (1-0.3%)/210,000+(1—0.3%)/210,000
7(17.6) (1/854)+(1/ )

wevestuifadudaanansonildain
b=K,F
azle
b=0.01636473,575 = 4.4382 fiadums

AufudulagsgaamToniaaIn
2F

PM—E

ala
2x 73575
T x4.4382x17.6

Pow = wngUrama
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3.4.2 windanazuiussainindlunismageu

INNSNAaaINITAUNAYILHUAaRaZ LU INT uLUUAsduN YR TINTEUBN

2 9U (Cylinder-cylinder contact)

1 A} 4 o d (-] 1 v '
A1519 3.5 ANNIEluNITAIUIM IMaATINTE VN UaLN LA BLAS LHUT NVAEDY

Test Wheel Test Rail
Maximum Pressure, P, 600 MPa
Contact diameter, d 55 mm 55 mm
Effective length for contact, | 10 mm
Young Modulus, E 210,000 MPa 210,000 MPa
Poission Ratio, v 0.30 0.30
_ 2 2
- e _2_(1 v E +(1-v;)/E,
Vi) 1/d)+(@1/d,)
aula
2 _nAa2
- = 2 (1-0.3%)/210,000+(1-0.37)/210,000 — 0.0055
7z(10) (1/55)+(1/55)
& den wr 5
mmmm&ﬂﬂﬂuﬁﬂﬂﬂﬂiﬁﬂ
b=0.0055VF
mNAUdIREgIgaan T AN
2% F
600=——
7xbx10

gy Ivaniildlunisvaass wiidu 2,705.89 fadiu nieuszunm 275 Alansuusirede

o a J’ ﬂilﬂ a a 1 a o o oa
wazimiugveswnulnd miununrdudawingu 0.2861 Hadiuns
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Conventional Wheel Test Wheel
Wheel load (kgf per wheel) 7,500 275
Maximum pressure (MPa) 599.64 600.62
Major half axis a (mm) 8.8000 5.0000
Minor half axis b (mm) 4.4382 0.2861
Approach of both bodies (mm) 0.0593 0.0071
Maximum shear stress (MPa) 180.06 180.25
3.5 m-sﬁ'm':mﬂmﬁuamaﬂﬂﬁ'i
AURBINSAasINvasamasiiimlaain
P=prF-v

ey = 0.5 and @ = 450 soUAEUTT

a W o o )
TasAusudadurainisinaaunansnsanilaain

(211(450)
V= w'r=|——7m—

liAnusuRaduliAwnAY 2.59 wesaeiui

AuRINIsidlnHveawmes Wiy

P = (0.5)(550 x 9.81) - (2.59)
= 6,987.17 W = 6.99 kW

) (55 x 1073) = 2.59 m/s

o 5 1 [ - s (3 1 al .{ s o
AUy vawmesluimsivuiawindu 12.5 Aladtne (AduUssaniainudasasewindu 1.79)
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7.2 @UN15819979A
d o w ' v o v ' - a =t =
Wiauldalvnduazdandnusaudllunsaznsa uiviUsuiuveanisanuse 1 100,000
° - o v o al
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a v 4 ¢ , [% W < §
naiBsduniuann1se15v19a (Archard Equation) aglailudezui 7.2 #a91An1svaaes
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7.3.2 1A3§1U ASTM-A504
v w ) v o <
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YR ey m o o ° " @
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Rail alignment 5mm rail misalignment
Sliding distance (before turning) 106,493.05 km 82,305.93 km
Useful wheel time (before turning) 88 days 68 days

Wheel life

1 year 10 months

1 year 5 months
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#1.100,000 84 ;
wHudanadauAIUgIY
Distance (mm) Wear (mm)

0 0

3 0

6 0

9 0
12 -0.055
15 -0.11
18 -0.13
21 -0.08
24 0
27 0
30 0
33 0
36 0
39 0
a2 0

#1 500,000 58 ;
weiudanndauAIug Y
Distance (mm) Wear (mm)

0 0

3 0.1

6 -0.1

9 -0.2

12 -0.23

15 -0.2

WHUAINAFBUAIUY
Distance (mm) Wear (mm)

0 0

3 0

6 0

9 0
12 0.01
15 -0.02
18 -0.03
21 -0.04
24 -0.035
27 0
30 0
33 0
36 0
39 0
42 0
UHUABNATDUATUYIN

Distance (mm) Wear (mm)

0 0.01

2 0.02

6 -0.04

9 -0.02
12 -0.01

15 -0.03
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18 -0.25
21 -0.4
24 -0.25
27 0
30 0
33 0
36 0
39 0
42 0
#1 1,000,000 58U ;
wiudenadauAugIy
Distance (mm) Wear (mm)
0 0.2
3 0
6 -0.2
9 -0.23
12 -0.23
15 -0.4
18 -0.48
21 0.5
24 -0.5
27 -0.5
30 -0.4
33 0
36 0
39 0
42 0

18 -0.03
21 -0.02
24 -0.03
27 -0.02
30 -0.01
33 -0.03
36 0
39 0
42 0
wHUABNAFIUATUYI
Distance (mm) Wear (mm)
0 0
3 -0.03
6 -0.04
9 -0.04
12 -0.02
15 -0.03
18 -0.05
21 -0.06
24 -0.08
27 -0.03
30 -0.02
33 0.01
36 0
39 0
42 0
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100,000 sau ;
wludavagauAugy
Distance (mm) Wear (mm)
0 0
3 0
6 0.01
9 -0.01
12 -0.03
15 -0.08
18 -0.1
21 -0.1
24 -0.04
27 -0.01
30 0.02
33 0
36 0
39 0
42 0
1500,000 58U ;
uHuRenAdauAULY
Distance (mm) Wear (mm)
0 0
3 0.01
6 -0.1
9 -0.15
12 -0.22
15 -0.26

WHLABNAFBUAIUYN
Distance (mm) Wear (mm)
0 0
3 0.01
6 -0.01
9 -0.01
12 -0.03
15 -0.02
18 -0.01
21 -0.01
24 -0.01
27 -0.02
30 0.02
33 0
36 0
39 0
42 0
weuAeNA#IUAIUYN
Distance (mm) Wear (mm)
0 0
3 0.02
6 -0.02
9 -0.02
12 -0.02
15 -0.04
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18 -0.28
21 -0.35
24 -0.3
27 -0.22
30 -0.04
33 0
36 0
39 0
42 0
#1 1,000,000 58 ;
weudanagauAIuge
Distance (mm) Wear (mm)
0 0
3 -0.04
6 -0.35
9 -0.42
12 -0.48
15 -0.49
18 -0.47
21 -0.44
24 -0.41
27 -0.41
30 -0.42
33 -0.04
36 0
39 0
42 0

18 -0.05
21 -0.04
24 -0.03
27 -0.03
30 0.02
33 0
36 0
39 0
e -
weiudavnAdaUAIUYN
Distance (mm) Wear (mm)
0 0
3 -0.01
6 -0.02
9 -0.02
12 -0.05
15 -0.09
18 -0.09
21 -0.04
24 -0.05
27 -0.07
30 -0.06
33 -0.04
36 0
39 0
42 0
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3. n3ais1agasdud 5 mm

<
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1.100.000 58y ;
wiudanagauRugn
Distance (mm) Wear (mm)
0 0
3 -0.01
6 0.01
9 -0.02
12 -0.06
15 -0.1
18 -0.11
21 -0.12
24 -0.06
27 -0.03
30 -0.03
33 0
36 0
39 0
a2 0
500,000 58U ;
wHuAeNAdauAUGY
Distance (mm) Wear (mm)
0 0
3 -0.03
6 -0.16
9 -0.26
12 -0.32
15 -0.34

WHURBNAFBUAIUYIN
Distance (mm) Wear (mm)
0 0
3 0.01
6 -0.02
9 -0.03
12 -0.03
15 -0.03
18 -0.04
21 -0.04
24 -0.04
27 -0.03
30 -0.04
33 -0.04
36 0.01
39 0
42 0
wHudenaFaUAILY
Distance (mm) Wear (mm)
0 0
3 0.01
6 -0.03
9 -0.03
12 -0.05
15 -0.02




S

18 -0.31
21 -0.36
24 -0.34
27 -0.2
30 -0.07
23 0.02
36 0
29 0
42 0
i 1,000,000 38U ;
weiudanagauAugIY
Distance (mm) Wear (mm)
0 0
3 -0.1
6 -0.35
9 -0.48
12 -0.52
15 -0.53
18 -0.54
21 -0.48
24 -0.5
27 -0.5
30 -0.48
33 -0.06
36 0
39 0
42 0

18 -0.03
21 -0.05
24 -0.05
27 -0.03
30 -0.06
33 0
36 0
39 0
42 0
UHUAINAHIUAILY
Distance (mm) Wear (mm)
0 0
3 -0.01
6 -0.05
9 -0.09
12 -0.1
15 -0.09
18 -0.12
21 -0.08
24 -0.07
27 -0.11
30 -0.07
33 0
36 0
39 0
42 0
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OMM LEFT-WHEEL WEAR

0.3

02 4

01 \m
S 07> @ ¢ @ 8
2010 }\10 $20 25730 35 40 a5 *100.000cycle
£ 0.2 ATENg B ® 500,000 cycle
w5 ik ] /
s U 4 1,000,000 cycle

0.4 ) \

0.5 vy

0.6

DISTANCE (MM)
3MM LEFT-WHEEL WEAR

3
= # 100,000 cycle
E ® 500,000 cycle
3 41,000,000 cycle

DISTANCE (MM)

5MM LEFT-WHEEL WEAR

0.2
0
=
s # 100,000 cycle
= 0.2
g ® 500,000 cycle
s ol 4 1,000,000 cycle

o
o

DISTANCE (MM)

59



WEAR (MM)

WEAR (MM)

WEAR (MM)

0.04
0.02

-0.02
-0.04
-0.06

-0.08

0.04
0.02

-0.02
-0.04
-0.06

-0.08

OMM RIGHT-WHEEL WEAR

DISTANCE (MM)

3MM RIGHT-WHEEL WEAR

DISTANCE (MM)

5MM RIGHT-WHEEL WEAR

DISTANCE (MM)

50

50

50

60

4 100,000 cycle
500,000 cycle
41,000,000 cycle

© 100,000 cycle
® 500,000 cycle
41,000,000 cycle

4 100,000 cycle
500,000 cycle
41,000,000 cycle



WEAR (MM)

WEAR (MM)

WEAR (MM)

0.04
0.02

-0.02
-0.04
-0.06
-0.08

-0.1

-0.12
-0.14

WEAR AT 100,000 CYCLE (LEFT)

DISTANCE (MM)

WEAR AT 500,000 CYCLE (LEFT)

, @ =
\. 'Y ¢ *
DISTANCE (MM)

WEAR AT 1,000,000 CYCLE (LEFT)

DISTANCE (MM)

45

45

45
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¢0mm
A3mm

M5 mm

¢ 0mm
A3 mm

B5mm

¢0mm
A3 mm

B5mm



WEAR (MM)

WEAR (MM)

WEAR (MM)

0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04
-0.05

0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04
-0.05
-0.06
-0.07

0.04
0.02

-0.02
-0.04
-0.06
-0.08

-0.1
-0.12
-0.14

WEAR AT 100,000 CYCLE (RIGHT)

DISTANCE (MM)

WEAR AT 500,000 CYCLE (RIGHT)

DISTANCE (MM)

WEAR AT 1,000,000 CYCLE (RIGHT)

DISTANCE (MM)

45

45
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+0mm
A3 mm

M5 mm

¢0mm
A3mm

M5 mm

¢0mm
A3mm

W5 mm
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a 5 1 v = A 1 v L2
71519 1 USuesvisnunvesuiuaavagau wasuSuinsiivigluvesisudenadeundeainasy

a d o . '
PuTaUYBIMIMyUnimua lngmslelusunsy Solidworks 2013 Tunnsusanmen

USUIMSUBILNUaRVAADU

e Number of Wheel Volume Volume Removed
Cycle (mm?) (mm?)
New-Wheel 0 439,897.08 0
0 mm 100,000 439,520.73 376.35
0 mm 500,000 438,460.02 1,437.06
0 mm 1,000,000 436,509.54 3,387.54
New-Wheel 0 439,897.08 0
3 mm 100,000 439,552.51 344,57
3 mm 500,000 438,092.86 1,804.22
3mm 1,000,000 435,987.79 3,909.29
New-Wheel 0 439,897.08 0
5mm 100,000 439,354.08 543.00
5mm 500,000 437,350.02 2,547.06
5 mm 1,000,000 435,462.58 4,434.50

- u‘.’r 1 = - 44 v d =5
A17719 2 USuesiavuavesUasndssolinaie wasusuiasimgluvewasndasal wemiiudn

Ya9500@ninny 3 Nadues laen1sialusunsy Solidworks 2013 Tunsuseunaan

USumsuealanndasalnasa

Type of fall Wheel Volume Volume Removed
(mm?) (mm?)
New-Wheel 28,993,206.65 0
Omm Rail Alignment 28,246,770.76 746,435.89
5 mm Rail Misalignment 28,223,572.76 769,633.89




