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Abstract: To describe the lifetime prediction of gas turbine core parts serviced in some ten thousands rpms
at over 1,000°C, the Larson-Miller Creep Curves, which are formed by creep rupture tests as the destructive
experiment with parameters of stress and temperature, are used often, but not exact and reliable with errors
of over some tens. On the other hand, this study shows a non-destructive method with increased accuracy and
reliability. The SEM and TEM specimens were extracted by replica after polishing the local arfoil and root
surfaces of the first stage scraped blade (bucket), serviced for 18,000 hours at 1,280°C in Gas Turbines of
Boryong. The observed TEM and SEM precipitates were digitalized for calculation of the average size. Here
we could find the precipitate size grown from 0.45 um to 0.6 pm during service and the grown precipitates
to be till sound. From these results we could conclude that the scraped balde can be used for ten thous and
hours additionally and for twenty thousand hours by additional heat treatments on the scraped blade.
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PAIRWISE OROWAN
CUTTING PROCESS

Fig. 1. Mechanism of r' strengthening (left) above : nuclestion and development process of r', middle ; Strengthening relations
according to the reaction between r' and dilocations and bottom ; summary of strenthening on the r' size. (right)
practically observed dilocation structures in the different ' sizes in TEM (Transmission Electron Microscopy).3* (left)
(8 Reection characters and configurations of didocations based on theories (b) Theoretical yield strength curve in
dependence on r' sizes by r' volume fraction and () Comparison of the measured with theoretical values of (b).>*
(right) Direct didocation reactions with r' in deformed specimen a room temperature; (a) Processes of weakly pushing
dislocation pairs in Nimonic PE 16, (b) Strongly reactioned didocation pairs of the tertiary creep in Nimonic 105,
(c) Orowan ring on the large r' precipitates crept close to failure in Nimonic 105, (d) Dialocation cutting r' in the
tertiary creep in Nimonic 105 and (€) Didocation cutting the coarse and cuboidal r' in the tertiary creep in IN-100.
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Fig. 2. (above) r' morphology change according to creep deformations in CMSX 4. (A) just after load in creep test, no change
of r' gructure, (B) ' rafting observed in 0.8%, 1 rafting has been started, (C) r' rafting is prematured in 3.9% (bottom)
didocation structures of different strains in TEM observations® (&) Differentiated creep curve at 950 and 301 MPa
r' morphology changes with the strains during creep. The corresponding SEM-micrographs show r' rafting, of which
r' enlarges longitudina (100)-sections (perpendicular to stress direction. (b) TEM-micrographs of samples after creep
deformation of (a). (i, ii) just aftet creep didocations are surrounding r', of which shape is same as before creep and
(iii) r' rafting are found in perpendicular to the stress direction, as found in ().
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2.2. Larson-Miler Creep Curve(3E3M)
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Density corrected stress-rupture strength of several alloys.

Fig. 3. Larson-Miller Curves on the different typical advanced
superalloys®
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Table 1. Data of Lifetime for an typical single crysta
superaloy of CMSX 4.8

Temperature, °C Stress, MPa  Creep Rupture time, h

98 9,340

100 4,100

1038 110 2,050

166 500

1,093 76 7,391
1121 69 5,603
1,149 41 9,049

Temperature, °C  Stress, MPa  Creep Rupture time, h

95 17,016
114 8,400 9,300 7,300
124 5,860 6,380 5,454
%82 138 4,346 3,829 4,647 4,196
168 1,637 1,603
240 305 180 110

Fig. 4. Blade (Scrap) of the first stage gas turbine, serviced
for 22,000 hours (EOH) at 1,280°C (TIT), in low
pressure.
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Fig. 5. Electrically Charged Etching Process for Replica
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Fig. 6. Carbon Tape on the etched surface afterremove of the
etching materials.
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