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Evaluation of Fatigue Property of Full-scale Axles for Railway Vehicles
and Its Application to Fatigue Damage Evaluation Standard
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Abstract

Fatigue-limit-based designs were employed for railway axles in Japan, and new strength design
and evaluation standards were developed to achieve more practical designs. The design standard
for strength was introduced to describe the detailed processes, whereas the evaluation standard
for damage was introduced to propose a method for the estimation of the fatigue damage caused
by variations in in-service conditions. Further, safety assessments were implemented by comparing
the equivalent stress with the reference values obtained from past safe-operation records. In the
proposed method, slopes of S—/V curves are crucial for the calculation of the equivalent stress. Thus,
full-scale fatigue tests were performed on quench-tempered and induction hardened axles used in

Japan and S-N curves of fitted and non-fitted parts were examined.
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Analyze entire rail line

 Classify line segments into
straight and curved line elements >

* Recognize operating condition in
each line element

* Determine equation of stress
and its deviation from curve
radius and speed

* Approximate undetermined
coefficients of equation form

Base data

Segment with different |  specified in standard

Segment with operating condition J
data d Calculate stress and its deviation in each element
measure -> Stress spectra in line segments
from a real car
(Base data) l’
->Direct data Sum | Calculate equivalent stress in each segment
analysis

L

i — Integrate
| Stress spectrum of entire analyzed rail line |

| Equivalent stress of entire analyzed rail line |
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Estimation of in-service stress spectrum and equivalent
stress of railway axle®®)
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Hub

Overhang
Fitted A body (¢d)
xle body
\/ :)d)a;t) 5 Fillet Unit: mm
4D K_/ 0d --- Axle
N Axle lbody
1 Fitted part Non-fitted part
Wheel seat) 1705
r_ ] Wheel jig
4 HEBREHORARD—F20

o UL, FFRISIIAS, BHEEORBEEHEL S NTE 1 Example of tested axle configuration®
1 HBREHOTE WA E
Size of the tested axles and features of the failures
. Diameter of fitted part | Diameter of axle body Diameter ratio Detected failure
Class Evaluation part . . .
D [mm)] d [mm] Did for life evaluation
Fitted part 191 194 0.98 (1.00)" MT flaw (Breakage™)
Quench-tempered axle (Wheel seat) 192 195 0.98 (1.00)"
SFA640 Non-fitted part 191 166 1.15 Breakage
(Axle body) 200 166 1.20
Fitted part 209 207 1.01 Micro crack
Induction hardened axle (Wheel seat) 209 190 1.10
S38C-QA Non-fitted part 195 150 1.30 Breakage™
(Axle body)

*D/d can be considered 1.00 for simplicity. *Additionally tested. "“Not broken in experiment.
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Fitted part

(Wheel seat) &

Before MT (Axle was extracted)

SFA640,

BH 1

After MT

Fitted part
(Wheel seat)

Axial
on-fitted part direction

Fillet) S_mm

Circumferential direction

o =100 MPa at wheel seat, N=1.5x10°, MT flaw is approx. 2 mm in length.
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Outer view of the wheel seat before/after MT and MT flaw of a quench-tempered axle after fatigue test (Circles indicate MT flaws)2?

400
S-N curve for breakage (m = 5)

100 |

o [MPa]

| Quench-tempered axle SFA640

Nominal stress amplitude at wheel seat

| Fitted part S—N curve for MT flaw
@ MT flaw detected detection
O MT flaw not detected N=1.4 X 1016 g5
O Broken
10 e B
10° 106 107 108

Number of cycles to failure (MT flaw / breakage) N, N;

5 BABRREHIHEVIED S-N IRX20
S-N diagram for fitted part of the quench-tempered axle?®
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Non-
fitted
part

Axial

direction
Macro crack

e
Circumferential
direction
SFA640, o = 273 MPa at fillet in non-fitted part, N = 1.66 X 10®
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h-BERERHDIE0

Outer view of a macroscopic crack on the non-fitted part

of the quench-tempered axle after fatigue test?®

500

S-N curve for breakage
N=1.8 X 1028 ¢

o [MPa]

I Quench-tempered axle SFA640
Non-fitted part

O Broken at fillet surface

G—> Run-out
100 o

10° 108 107
Number of cycles to failure N;

6 EBEABRREIEIZHEVERD S-N KR
S—N diagram for non-fitted part of the quench-tempered
axle0

Stress amplitude at fillet surface

108
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S-N curve for micro crack initiation
N=1.7 X 1018576

=
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r m=6
[ Induction hardened axle S38C-QA
[ Solid : Micro cracks

- [ & Motomatsu etal. (¢209) | detected

Open: No crack
@ Isomura ($209) All plots : Not broken
10 1 Ll 1 L laaaal 1l 111

104 10° 108 107 108

Nominal stress amplitude at wheel
seat ¢ [MPa]

Number of cycles to crack initiation N,
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S-N diagram for fitted part of the induction hardened axle

(Some of the data were gquoted from reference 26), 27))29
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Index of S—N curve

Class Evaluation part m"

Quench-tempered axle Fitted part 5

SFA640 Non-fitted part™ 9

Induction hardened axle Fitted part 6
g

S38C-QA Non-fitted part™

‘N=A4'c"", N[cycle], s[MPa]. “Surface roughness Ra=3.2 um.
“*Determined as the same value as that of SFA640.
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1000

F Non-fitted part of induction hardened axle
Feea_ -!(interim, breakage)
[ -

= 0=
M

Non-fitted part of quench-tempered
axle (breakage)

[ Fitted part of induction hardened axle
| (Micro crack)

-Fitted part of quench-tempered axle (MT flaw)

Stress amplitude (wheel seat / fillet surface)

10

10° 106 107 108
Number of cycles to failure (crack initiation, MT flaw, breakage)
N, N;
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Comparison of S—N curves between axle classes and
evaluation parts2®
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70 —o—Train A
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