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Outline

- operation stress ratio R of railway axles
- v-K curves measured on different stress ratios
- induced crack closures in threshold area of EA4T steel

- conclusion
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Critical position of fatigue crack

crack initiation location

stress intensity

a numerical model of axle with crack

crack front
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Stress intensity factor at the critical position
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crack length a [mm]

K;total = KI,bending + KI,press fit

for given crack length a:
the stress intensity factor caused by bending moment is not constant.
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Load spectrum

dynamic coefficient k [-] (multiple of static load)
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Source: BONATRANS GROUP a.s. load level

load for general cycle:

KI,total = k. KI,bending + KI,press fit
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Stress ratio R

R=-1 Ro.1
without press-fit effect with press-fit effect
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R(a, k) = Kl,min _ K[,press fit(a) - k'KI,bending (@)

Kl,max B Kl,press fit (a) + k-KI,bending (a)

- showed railway axle R from -1 to 0.2.
- some railway axles with large negative residual stresses —R<-1
- stress ratio with high R (e.g. R=0.8 — closure free stress ratio)

i M Institute of Physics of Materials \
—ﬂPr-— Academy of Sciences of the Czech Republic




lk)\

3

da/dN-AK curve - EA4T steel
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Comparison of thresholds of EA4T steel
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NASGRO
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SOURCE: NASGRO, Fracture Mechanics and Fatigue Crack Growth Analysis Software, Reference manual, 2002.




da/dN [mm/cycle]
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v-AKef curve - EA4T steel
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v-AKef curve - EA4T steel
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Experimental determination of closure function U
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Experimental determination of closure function U

crack is opened

crack is closed

Determination of U according to
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Experimental determinati

function U determined by:

(based on Newman strip yield model)
a) NASGRO just - plasticity induced crack closure

on of closure function U

@ @ O @ 0 O
points determined by NASGRO model

points determined by experimental measurement
b) eXperimental measuremeV all regimes of induced crack closure
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Mechanisms of crack closure

fatigue crack ~ Plastic trargformed zone
zone
oxide film crack obstacle
fracture surface asperit
perty crack fibers
viscous fluid crack particles

Source: Suresh, Fatigue of Materials
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Roughness induced crack closure

Theoretical size of the plastic zone for threshold loading:

PZ =3 “ 37| 400mpPa | oM

Microstructural parameter (distance between microstructural barriers):

——> d,=4um

Size ratio;

The plastic zone is several times larger than the microstructural parameter
-> |ow fracture surface roughness
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Roughness induced crack closure (RICC)
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Plasticity ICC
considered by NASGRO

Roughness ICC
low effect

Oxide ICC
significant effect ??7?
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chamber used for

Oxide induced crack closure (OICC)

reduction of humidity
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1) standard laboratory conditions:
- room temperature (circa 25°C)

- relative humidity: 30-40%

2) conditions with chamber:

- room temperature (circa 25°C)
- relative humidity: 11% (specimen 1)
- relative humidity: 18% (specimen 2)
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da/dN [mm/cycle]
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Effect of reduced humidity (stress ratio R = -1)

Table: residual fatigue lifetime
of railway axle in load blocks:
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10°

OICC significant effect!!!
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No influence of chamber

e without chamber
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chamber used for
reduction of
humidity

22




i M Institute of Physics of Materials \
—ﬂPr-— Academy of Sciences of the Czech Republic

R = 0.8 — closure free stress ratio

R=-1

with considering of:

- plasticity induced crack
closure (NASGRO)

- reduction of oxide induced
crack closure by reduction
of relative humidity to 11%

slight difference in thresholds

could be explained:

- oxide induced crack closure
is not fully reduced

- roughness induced crack is
small, but still present.

Effective stress intensity factor
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Estimation of distribution of ICC in dry air RH 11%

AKef - Kmax,th - KOP

K max.th = 4.4 MPam®®
— KOP = Kmax,th _AKef

Kop = Kop,picc + Kop,ricc + Kop,oicc AK . = 2.9MPam®5
ef — &

Kop.picc = Kmaxth = AKes nascro =44-3.4=1.0 MPam®®

Kop oicc =0 MPam™®

Kop.oicc + Kop ricc = AKgs nascro — AKes

Kop rice = AKet nasero — AKet — Kop oice =3.4—2.9-0=0.5 MPam®®

estimated results of induced crack closure

type of induced crack closure value | amount of closure
Plasticity Koppice| 1.0 MPam©> 67%
Roughness Koprice| 0.5 MPam?©> 33%
Oxide Kopoice| 0.0 MPam©-> 0%
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Estimation of distribution of ICC in lab air RH 30-40%
AKef - Kmax,th - KOP

— KOP - Kmax,'[h _AKef

K max.th = 6.9 MPam®®

Kop =K + K + K
OP OP,PICC OP,RICC OP,0ICC AKef _ 2.9Mpam0.5

0.
Kop.picc = Knmaxth — AKes nasgro =6.9 —95.3=1.6 MPam °
Kop ricc = 0.5 MPam®®

Kop.oicc + Kop ricc = AKgs nascro — AKes

Kop.oice = AKet nascro — AKet — Kop ricc =5.3—2.9—0.5=1.9 MPam®”

estimated results of induced crack closure

type of induced crack closure value | amount of closure
Plasticity Koppicc| 1.6 MPam©> 40%
Roughness Koprice| 0.5 MPam?©> 12%
Oxide Kopoice| 1.9 MPam?©> 48%
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Conclusion

- The work was focused on fatigue crack growth in railway axle steel
EAA4T.

- Railway axles are subjected to variable stress ratio during operation
loading.

- The threshold value is important parameter for determination of residual
fatigue lifetime of railway axle.

- The threshold value is significantly influenced by crack closure
mechanisms.

- NASGRO describes only plasticity induced crack closure.

- In threshold area of EAA4T there are another sources of crack closure
(oxide + roughness). The oxide induced crack closure is the most
dominant crack closure in threshold area (for air with common
humidity)!!!

- Effect of low humidity (railway axles operate in different conditions)
should be considered in calculations of residual fatigue lifetime of railway
axles (trains operate in various conditions).
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More information can be found in our published paper:
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