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Fracture Mechanics Characteristics of Wheel and Axle For High Speed Train
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Railway wheel and axle is the most critical components in railway system. A wheel and axle
failure can cause a derailment with its attendant loss of life and property. The service conditions
of railway vehicles have become severe in recent years due to a general increase in operating
speeds. Therefore, more precise evaluate of wheelset strength and safety has been desired.
Fracture mechanics characteristics such as dynamic fracture toughness, fatigue threshold and
charpy impact energy with respect to the tread, plate, disc hole of wheel and the surface of press
fifted axle are evaluated. This paper describes the difference of fracture toughness, fatigue crack
growth and fatigue threshold at the locations of wheel and axle. The results show that the
dynamic fracture toughness, Kip, is obviously lower than static fracture toughness, Kic and the
fracture mechanics characteristics are difference to the location of wheel tread and hole.
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Table 1 Chemical composition of wheel and axle

C Si P S Mn
Wheel | 0.70 | 0.30 | <0.045 <0.045 0.80
Axle | 0.41 | 0.27 0.010 0.006 0.78

Table 2 Mechanical properties of wheel and axle

Young's | Yield | Ultimate !
Elongation
modulus | strength | strength %)
(GPa) | (MPa) | (MPa) °
Wheel 209 616 1067 16.2
Axle 204 383 648 32.0
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Fig. 5 Fatigue crack growth rate of axle
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Table 3 Results of fatigue tests

Material [lm] (m m/(éy cle) (Mplg}‘;no.s)
Tread | 3.64 | 6.66 x107° 9.72
Wheel | Plate | 3.35 | 2.42x107 7.94
Hole | 3.18 | 3.91x10? 7.48
Axle | Surface | 3.50 | 2.29x10° 10.6
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Fig. 6 Static fracture toughness of wheel

A5 AH FAJQGA = HAD)~DE °1E
sl Jo, = 3T Fig. 7(6)9] SEM AR OA
el vhe Zol AyAe] 549l YEAYo] w

H3z 9dom 3162 kN/m B4 & AL #
A sFa gtk

Fig. 7(2)9] SEM #ZALRo|A & 4 glZe] A
A AU 54L& vERdE #HAgE 2 g
H R o] HaE AT

A& A% AX wgp A FHJAGA 9
W7t 9es o F JdNew AY HYFRES
gaz FHEYS & 5 A B AN
¢ A4S A9 FHGsH FARH At o
£53 goy REQUYE, AEAFt ?Uélﬂr

2718 A 1*%}0401: 6“1}

2EHEE AF9 A FIAG] disto]
M.Akama = 54 kKN/'m & BIsgaM ojaL 2
AT E AA EE&FA AFAA A AA
3tod ARG gho] obd A ETA A HrtE
golgt A=Y, olHA HrtE AAH FIAALA
= &9 TAZA Axte ALEE AL AP

g 3

(a) wheel

(b) axle
Fig. 7 SEM observations of wheel and axle



SIRYYUSHYXN A 27 83 pp. 28-34

August2010 / 32

3.3 Y40 ot 55 ninoly

Fig. 8~Fig. 9 oA} L}Elyt whe} Zho] mlu iAo
FEAEE gEN] e TEY AFZL vgdz 9
o W FAEE oM FIIAXE A}
I Fo] dAY Fow TAasA Zslet:s A
oltt. AH AR} FF QPR o
7F 7V 2 AL AgAY #Ro|th AFHR
B 7Kg Aolrt Ze JHAAE A Yo
A dQAES vEdd PSR Pgedol Fe
AL guidid, 4 EE, F3FAY FHAgME
10 MPa-m'? ¢ Holgte] ¢lE ©l, AZAdqME
200 MPa-m'? &] 2}ol7} vehdt}, ##glge 24
Ex & B3 FTE BFIFe 44 gy
N FEIA A42FT £AEEY F7Me BB
%F7F F7HRTE HAAE AR golA sta A g
S TAELL 438 o 5 A

~10r | 0 Tread a
E A Pae
g Mr o e
<
¥q120- o s}
K(_J I
3100- A
@ o
£ sk
§’ al
- m_é
E o B
8 404 o
[N
20 1. 4 1 L i A L i 1.

0 1A2 3 4 5 6 7 8 9
jmepct velocity(rrys)
Fig. 8 Dynamic fracture toughness of wheel

&

g 8

g

Fracture toughness K, K,, (MPa m"%)
N
s

180+
» . a
100}
2
sor L
Impact velocity(rrvs)

Fig. 9 Dynamic fracture toughness of axle

Fig. 9ol RE&E wE AFA9 F4UY S
vepdth, AEAAE 4 AT F4
BAJGAEG *2 & AL gen AEA
o g8 9¥&nd ne gad4ge At 44
& e FAse Ae B+ Yok

EFANM TH s dgel FrtskE ol
T ZENATGeA Y AT T dGA Y F
Zbeta AZbEd olAe 2x7 FUbsE #ael
AL wolA e Zde gk gy dAAA
w2t 44 SAAEAT dE2EA vegd A ¥
@it FH FAAGAAA A Aol wE
Mgt AH SAAGAA wse] SdsA TE
HA gen $34UA4e] FAEEASA B
59 B¥L AYRANIAEAA FH5A FaF
T, 345529 TUte vEo] ot T F
23 Agd oA FAUGe] HIEFEEG L
H$E5e ¢ 5 sth

34 2EHS0| ot 3HY

Fig. 10~Fig. 13 ol &A1} AFA) 9] =3
Jd W& FAJAMANE RAFET AEAE 50°C0]
Aol ofzte] A4SV YEUY, AHE2E W
Aol JojA HAZH Aol

Fig. 10~Fig. 12914 &4 9 A4-F4 Hol
T guRan 120C, BHEIAM 80C, TER
A 145°C ©]it}.

ax-1 e 7 & 94& e Fig 13
of AEA ] -40TColste] HA GG 100To]
9 AR FE7AA HolA%B S YeErdT 100Co)F
AME olv] dAFAHE] 100 %ol EF, o
A-FA Hole ke 32T

120

e
&
(=

]

W Impact energy
100} O Brittle fracture

w0
&

Fraction of Brittle fracture{%)

80}

60 k-

impact energy(J)

‘FATT
-850 0 50 100 150 200
Temperature(°C)

Fig. 10 Notch toughness of wheel tread




SIS SSA H 27 85 pp.28-34

August 2010 / 33

ver 1%
120 g Impact energy 180 §
= O Brittle fracture H
= 100 3
g Jeo &
c o
s sof VG SLEETRRRRT R g
%] > 7]
] 440 5
E 80} 5
{208
w0} 2
20r | FATT 1°
| . M .
-50 0 50 100 150 200
Temperature(°C})
Fig. 11 Notch toughness of wheel plate
120 7 100
o
100  m Impact energy Jso
O Brittie fracture T
=1
80 | 3
5 Je0 &
= Ky
gl N =
5 . a
3 140 5
8 a0} 5
£ 3
120 &
20 . -
. . . AT 0
-50 0 50 100 150 200
Temperature("C)
Fig. 12 Notch toughness of wheel hole
300 —_
{80 £
(3
5 250 R | Im.plact energy :_L:,-,
= O Brittle fracture 160 8
@ 2001 N °
& E
T 150t 14 Z
(=%
E c
100 + <420 %
id
[l
50
410
0 1 1 . 1 1 1
-100 -50 0 50 100 150 200

Temperature(°C)

Fig. 13 Notch toughness of axle

Fig. 14 £ &3 A9 FHAdHo|2
Fracture Appearance Transition Temperature)E L}E} A
eI, FATT /F 5243 398 7000 92 0
WE R4S d4oz AolTE AL ek,

%‘ﬂ’ﬁ‘ii A=l FATT £ -20° C~-50° C ol
A AREAR, D45EEE 549 FATT £ o
B HAE Aot AoE veyan glom o
U Age A8AT AYHY 4 Ve

= (FATT,

o Ag2x Wit HIF S UEde A
9w gt}

o XO,

More brittle

!

60
40 + l
20 More ductile
HoI Tread Plate Axl -
Locations
Fig. 14 FATT of wheel and axle
4. @B
n&AEg AEY A3 Adety ddA
S #rher] Siste] AN, NEFIAAEE,
e dF4 FAUA T HAIHHA S4E
Bk A et 2 AEL 98 4 U

D ZAEAAME FE 4?4"1“7‘49} 3 gHA|
FuAFEHE 7HAE daa FE gE)
&ELdﬁEﬂ wam fgEe} 7 E—fﬂl/ﬂ“ of
17% #4230 AEF gHFAME & F2o
3t =& ﬁ%ﬂ‘ﬂ*éxl% 7MY FEIAEEE
Wit & gHRAA g@EAA 27de =4
A= A 7 ﬂrb‘&f’i APD-E #E31A2 w
27 AP 9, AEA e A=dA T v
J*é°] 2 EAE UrEM?iE}
&5 olEA o #3 %—5@
4| »hﬂ‘d*“ﬂ/ﬂ BFANA FaE F,
FAEEY F7te gEo ot FIhgth 01 5t
Aol A FAA XA A=A A
EAl 2ol 54 IAULAE
Aol & Aoz AztEnh
3) X&EAEE AFAY FATT & gHREAA
120°C, HFIA 80°C, TFYR-NA 145C AZA =
RCEA AEULA FHY AESIEE AFAA
9 FHYESNE HuERe Asdyrart HEHE
E FYFo|n o] FFd tigte] &3t A7
HAL /1% 24 2 A3 HutE AAE gevt

ATt

_& oo -

D

<l
-

rO
ook _I‘

E

°1N'

AARJAZA 2



P UESNX A 27 85 pp. 28-34 : August 2010 / 34

A28 3, pp. 75-80, 1995.

1. Kubota, M. and Hirakawa, K., “The effect of rubber
contact on the fretting fatigue strength of railway
wheel tire,” Tribology International, Vol. 42, No. 9,
pp. 1389-1398, 2009.

2. Esslinger, V., Kieselbach, R, Koller, R. and Weisse,
B., “The railway accident of Eschede - technical
background,” Engineering Failure Analysis, Vol. 11,
No. 4, pp. 515-535, 2004.

3. Ham, Y. S., Lee, D. H., Kwon, S.J.,, You, W. H. and
Oh, T. Y., “Continuous measurement of interaction
forces between wheel and rail,” International Journal
of Precision Engineering and Manufacturing, Vol. 10,
No. 1, pp. 35-39, 2009.

4. Ekberg, A., “Rolling contact fatigue of railway
wheels -a parametric study,” Wear, Vol. 211, No. 2,
pp. 280-288, 1997.

5. Ekberg, A. and Sotkovski, P., “Anisotropy and
rolling contact fatigue of railway wheels,” Journal of
Fatigue, Vol. 23, No. 1, pp. 29-43, 2001.

6. Zerbst, U, Madler, K. and Hintze, H., “Fracture
mechanics in railway applications -an overview,”
Engineering Fracture Mecahnics, Vol. 72, No. 2, pp.
163-194, 2005.

7. Akama, M., “A study on the critical crack sizes that
cause wheel fracture,” World Congress Railway
Research, 2001.

8. Hirakawa, K., Tokimasa, K. and Sakamoto, H.,
“Fracture mechanics approach to the strength of
wheelsts,” Sumitomo Metal, Vol. 32, No. 3, pp. 349-
358, 1980.

9. ASTM E647-00, “Standard test method for
measurement of fatigue crack growth rates,” 2000.

10. ASTM E23-00, “Standard method for Notched bar
impact testing of metallic materials,” 2000.

11. ASTM E399, “Standard test method for plane strain
fracture toughness of metallic materials,” 1997

12. ASTM E1820-99a, “Standard test method for
measurement of fracture toughness,” 1999.

13. ISO 14556, “Steel-Charpy V-notch pendulum impact
test-Instrumented test method,” 1999,

14. Akama, M. and Ishizuka, H., “Reliability analysis of
Shinkansen vehicle axle using probabilistic fracture
mechanics,” JSME International Journal, Vol. 38, No.



