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The locomotive “Amstetten”
derailed on the railway line
Salzburg-Linz (Austria). The
accident was caused by a broken
axle (1875).

Historical examples
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(0-€) stress-strain
(AT) temperature

(AR) el. resistance

(P) generator power

SAE 1050 (R7)

LCF / HCF VHCF

Measurement techniques and investigated material
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The resistivity p* is directly influenced by
deformation induced changes of the
microstructure

= dislocation density

= dislocation arrangement
= vacancies

= micro-shrinkage cavities

= micro-pinholes and micro-cracks

= ...

Change in electrical resistance AR
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Chemical composition of SAE 1050 (R7) and specimen positions
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Measured value
“ ‘ “ “ e,., AT and AR

R
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-1, 6, start = 100 MPa, A, = 20 MPa, AN =9 - 103, f = 5 Hz

Load increase test
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= The plastic strain amplitude, the change in temperature and the change in resistance can
be equivalently used for the detailed characterisation of the fatigue behaviour and the
precise fatigue life calculation of metallic materials.

= On the basis of generalised Morrow and Basquin equations the physically based fatigue
life calculation method “PHYBAL, ;" was developed.

= This new short-time procedure allows the fast and accurate calculation of Woehler curves
using cyclic deformation data of only three fatigue tests.

= With a total running time of about two days per material and heat treatment “PHYBAL,
yields an enormous saving of time and costs compared to the conventional determination
of Woehler curves with about 30 days for constant amplitude tests with f =5 Hz until N =
2-106 cycles.

Conclusions
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Measurement techniques and investigated material
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Real time targets Cooling systems (dry air)

Control unit

Measuring |
unit

Measuring
systems

Generator

VHCEF testing facility
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Continuously measured data:

AP: generator power
AT. temperature

Aspec: Mech. oscillation of

the specimen (LDI)

AT
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AR: electrical resistance
Aspec '

Data measured during the fatigue test
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Load increase test (LIT) with an ultrasonic testing facility
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Cementite lamellae distace: Om,168 urh

TEM-micrographs: initial state, N =0
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TEM-micrographs: N = 107, s, = 385 MPa
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Cementite lamellae distance: 0,175 pm

TEM-micrographs: N = 10°, s, = 385 MPa
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LIT:
* power increase

 test interruption at P = 1000 W

SEM - investigations:

 detection of slip lines
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LIT: SEM-investigations
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Load increase and constant amplitude tests at the railway wheel steel SAE 1050
(R7) were carried out with the ultrasonic testing facility of the type UltraFAST-Kaiserslautern

The physical quantities

- generator power

- specimen temperature and

- electrical resistance

can be used to characterize the cyclic deformation behavior in the VHCF regime

SEM investigations prove that there exists a direct relation between the measured
physical quantities and the observed microstructural changes

On-line monitoring of power and temperature changes can be used as indicators
of an increasing defect density in the bulk of the material during VHCF

Especially the generator power can be used as a non-destructive testing method to
characterize the actual fatigue status in the very high cycle regime

Conclusions
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