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Failure Mode Prediction Method Around Cooling Hole in A Directionally
Solidified Ni-Base Superalloy

ABSTRACT
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Introduction of renewable energies into the energy grid line may impel the land base gas turbine systems expose

more frequent load change, which promotes the thermal stress cycles in the structural components. Under this

condition, it is essential to know or predict the component lives more precisely, after understanding what type of

failure mode is the most pronounced in several types of failures; e.g. fatigue, creep, and oxidation. In this work, the

experiments were performed under two different conditions to investigate possible failure modes around cooling hole,

around which the transient thermal stress as well as creep were significant. The experiments showed that the failure

mode was sensitivity changed to the temperature and the load condition around cooling hole. A new method was

proposed to predict to the predominant failure mode, taking account of loading frequency, mean stress and thermal

stress.
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Fig. 1 Geometry of hollow specimen with cooling holes.
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Fig. 2 Tllustration of the test system used in the experiment.
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Fig. 3 Illustration in-service condition of gas turbine structure.
(a)base load waveform caused by gas turbine start/shut-
down, and (b)waveform with frequent load changes.
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Fig. 5 Crack initiation and propagation around the cooling hole
under the condition A.
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Fig. 8 Crack initiation and propagation around the cooling hole
under the condition B.
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Fig. 11 Relationship between the time to failure and the loading
frequency.

4| Concept of failure mode prediction I—

Step 1. Estimate creep failure time 7.; and fatigue failure time #;

Estimate creep failure time 7 ;
(i) Creep deformation rate

Estimate fatigue failure time #;

(i) Estimate the number of failure

equation cycle Ny via Goodman’s law
T n
i = IoAa(t) dt - Ao (ii) Calculate #; as function of
m T eem load frequency v
(ii) Larson miller parameter ty = Ny
v

LIMP = (T +273)log1 +C)

Estimate 7.; by combined (i) and (ii)

U

Step 2. Compare each failure time to determine
the predominant failure mode

Min. failure time (¢ or t;) = Determine the failure mode
t.s <ty : Creep failure mode

t.+> t;; : Fatigue failure mode

Fig. 12 Concept to predict of predominant failure mode.
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Fig. 13 The Goodman diagram used to determine number of
cycle to failure Ny considering the stress ratio #,
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Fig. 14 Failure mode prediction curve (a) at cyclic frequency
v=1/240 Hz (1block), and (b) relationship between

time to failure and cyclic frequency under conditions
A and B.
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Table 4 Applicability of the present life prediction method to

the results by other researchers #-%.

Material Stress Temperature  Frequency  Failure mode in ref. Predicted failure
amplitude (by experiments) mode

Udimet 115 936 MPa 760 °C 1 Hz Fatigue Fatigue

Udimet 115 660 MPa 760 °C 1Hz Creep Creep

Udimet 115 316 MPa 760 °C 1 Hz Creep Creep

SUS 316 166.7MPa 650 °C 1/12 Hz Fatigue Fatigue

SUS 316 166.7MPa 650 °C 1/3 Hz Fatigue Fatigue

SUS 316 166.7MPa 650 °C 1/600 Hz Creep Creep

SUS 316 215.8 MPa 600 °C 1/600 Hz Creep Creep
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