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Abstract

The estimation of crack growth (CG) in conventionally cast nickel-based superalloys is of
particular interest, since their low ductility and large grain size makes them prone to
guasi-brittle fracture. Components made from this material class are often subjected to
complex thermo-mechanic fatigue (TMF) loads. CG-testing under TMF loads is
expensive and not yet standardized. In addition, many damage mechanisms contribute
to the crack growth process under TMF conditions. Nevertheless the need for validated
crack growth estimations increases with the demand for flexible load cases.

In this work, isothermal and TMF fatigue (CG test data of the nickel-based cast alloy
C1023 are described by a linear-accumulative CG-model. In this model, fatigue crack
growth is treated as temperature-independent. Additionally, two temperature-dependent
CG-contributions from creep crack growth and through oxidation damage are
considered. y'-depletion caused by surface oxidation was found to play a dominant role.
By dissecting given load cycles into time steps, a revised calculation procedure was
implemented to realize estimations for isothermal and thermo-mechanical crack growth,
independent from the cyclic time-temperature evolution.

The procedure is validated against a variety of CG-experiments, including various
TMF-tests with and without hold times. It is also possible to assess the crack evolution
and the dominantdriver of crack propagation.
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1. Introduction

Nickel based cast superalloys are commonly used for gas turbine components for aero
and power generation applications. The increased demand for flexibility, with more
transient situations, leads to thermo-mechanical fatigue (TMF) which can be more
damaging than an isothermal loading [1]. Due to their low ductility, cast nickel
superalloys are prone to quasi-brittle fracture under such loads.

TMF conditions are characterized by the phase shift between the thermal and
mechanical stress cycle. A situation with maximum mechanical stress at maximum
temperature is called an in-phase (IP) load. An out-of-phase (OP) load arises when the
minimal mechanical load occurs at maximum temperature. Even at the maximum
temperatures (typically between 800 and 1000 °C) nickel-based cast alloy show low
ductility and brittle cracking.
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