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1- Introduction

Today, a significant portion of the country's electrical
energy is produced by gas turbines. In the last two decades,
with the production of Siemens V94.2 (SGT5-2000E)
class E gas turbines, the use of gas turbines has
accelerated. Estimating the remaining life of critical
components is very important in order to reduce
maintenance costs and operational risks. Among the most
sensitive components with special operating conditions are
the blades in gas turbines. Destructive mechanisms such as
creep, fatigue, erosion, hot corrosion, and oxidation can
severely affect the life of these components. To investigate
the creep life of alloys, various relationships and
mechanisms have been proposed that can be used to
predict the service life of components using the results of
the stress-rupture test. One of the most important
relationships for estimating creep life is the use of the
Larson-Miller relationship. The purpose of this study is to
estimate the remaining life of the first-row blade of the
Siemens V94.2 gas turbine made of IN738LC superalloy
using the Larson-Miller parameter (computational
method) and the results of non-destructive tests of visual
inspection and liquid penetrant, microstructural studies,
and mechanical properties tests (destructive methods) in
order to reduce maintenance costs and reduce operational
risk.

2- Materials and methods

In order to estimate the remaining life of the first-row
blade made of IN738LC in a Siemens V94.2 class E gas
turbine, non-destructive tests including visual inspection
and liquid penetrant using MAGNAFLUX brand spray
were carried out according to ASTM E1417 standard.
Micro-etching of different areas of the tested blade
samples of low carbon nickel-based superalloy Inconel
738 was performed by electro-etching in an electrolytic
solution containing 12 ml of H3PO4, 40 ml of HNO3; and
48 ml of H,SOy at a voltage of 5 V, current density of 0.12
- 0.15 A/em? for 5 s. Microstructural studies were carried
out using a field emission scanning electron microscope

(MIRA3) equipped with energy dispersive X-ray
spectroscopy  analysis. Mechanical tests including
hardness testing according to ASTM E92 standard using a
hardness tester (SUH-200B), ambient temperature tensile
strength (according to ASTM ES8 standard) using a
KASON device at a rate of 5 MPa/s, high temperature
tensile strength according to ASTM E21 standard using a
KASON device at 650°C with a rate of 5 MPa/s, impact
according to ASTM E23 standard, and stress-rupture
according to ASTM E139 standard were performed on the
blade.

3- Results and discussion

In the visual inspection of the first-row blade, no extensive
surface degradation effects were observed due to the
operation of the part in service conditions. The results of
the penetrant liquid inspection indicated the absence of
surface defects, cracks, or porosity throughout the outer
surface of the tested blade. Figs. 1 (a and b) shows the
FESEM image of the blade root and the leading-edge area
of the tested specimen, respectively. Figs. 1 (¢ and d)
shows the needle phases of TCP and the microstructure of
the trailing edge area, respectively. As can be seen, the
microstructure of the tested blade root area includes y
dendrites, a significant volume fraction of primary 7'
strengthening precipitates of approximately cubic shape,
secondary y' strengthening precipitates of micro spherical
shape, and blocky primary carbides with a stoichiometric
composition of MC. No effects of extensive
microstructural destruction, such as changes in the
morphology of the initial y' precipitates, the formation of
an interconnected carbide network at the grain boundaries,
and the formation of grain boundary creep cavities in the
root region of the tested blade were observed.
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Fig. 1: (a) FESEM images of the microstructure of the
root region of the tested blade; (b) Primary and
secondary gamma prime deposits in a transverse
sample taken from the leading edge at the airfoil tip of
the tested blade; (c¢) TCP phases; (d) gamma prime
particles from the trailing edge at the airfoil tip of the
tested blade.

The Vickers hardness test results revealed that the

hardness at the root and leading-edge regions of the blade
airfoil tip is in full compliance with the standard hardness
range of heat-treated IN738LC nickel-base superalloy
(354-412 Vickers). However, the hardness at the trailing
edge of the blade airfoil tip is significantly (291 Vickers)
lower than that of the standard hardness range, which is in
a good agreement with the microscopic observations
presented in the previous sections.
Based on the results obtained from the ambient and high
temperature tensile tests, given that the percentage of
elongation, yield strength, and maximum tensile strength
in the airfoil and root are higher than those of the minimum
properties allowed for service, if a proper reconstruction
and structural rejuvenation process is performed, the parts
will be able to be reused.

The impact test results indicated that the resistance of
the two tested areas of the blade to crack growth is almost
similar, and no brittle fracture was observed in the airfoil
area of the blade relative to its root.

According to the Larson-Miller relationship, at a
temperature of 920°C (1193 K) and a stress of 220 MPa,
the standard time to failure of a sample made of IN738LC
was calculated to be 1.62 h. The results indicate a
significant decrease in the stress-rupture properties of the
two areas of the blade compared to the minimum
serviceable properties and the standard properties of the
IN738LC. Considering a 20% safety factor due to the
effect of other degradation mechanisms such as
thermomechanical fatigue and hot corrosion, the
remaining life of the airfoil area of the blade is predicted
to be ~10,032 h. This calculated remaining life is
significantly different from the future overhaul interval of
the blade (~33,000 h). Therefore, further use of the tested
blade until the next overhaul (in the next 33,000 h until the
service life of 99,000 h) is not recommended without

carefully performing the microstructural regeneration and
rejuvenation process and restoring mechanical properties.

4- Conclusions:

Considering the extensive microstructural changes in the
blade airfoil area, especially the trailing edge of the blade
airfoil tip, as well as the significant reduction in the
hardness value in this area of the blade, it can be stated that
the reuse of the tested blade in service conditions is not
allowed until the microstructural reconstruction and
rejuvenation process is accurately implemented using heat
treatment. It can also be stated that if the blade is properly
operated according to the turbine manufacturer's
instructions, the blade can be used for a maximum of
10032 h after the reconstruction process, while
maintaining all conservative measures.




L))
”\ 3130 9 53 59o untigo ‘%
- I

&‘:G;ZIZ;, https://jmme.um.ac.ir/ ol #10Y 6 g T cpomif

“IN738LC i 31 V94.2 536 9 Jol ) & i 0 g (M 08 e
sy Jlae
RENINWIRCHNWIPUW AT O s Loy e
DOI: 10.22067/jmme.2025.91255.1174

oxlizul b oy S oS VIA sl JUT s e 5V 942 (58 s 7 Sl oy S yomto 0y 0lils Sl pass oo g deloms o it g5 ool Sl s NS
i A S S Ko ol 5 SIS oo (Sl o JolS ok plosil (Sla b i) Al oo Flsloms 5 o ppio i ha i (Sla i )
bl 30 0 s Ll oSl B o 5 i oSl e slalp il T ootz sl il o SIS olit sladiseil 5 s fouS
(Slos IS iarmn (slos 2S5 Ggaf] ol o SlSo ol ptzmas i g lio ;SOUS b 15 4 5 tlom 4 sy Comnd Ll iy s 5 L plon]
S ol o Gy Y oo o3lizal b ol 0k g lis s g 0 jloma ol Sl badss 50y o Connd  SonenS 25 5 e YL
tlom (gload & G |5 0920 4] lotle G ol o alsy 3 ol (S5 (Slod 0 4z 57 L oD JL,‘.J@L:'..LJa.:jd:@'pﬁje_c‘fij;a.u[adjgjw
B Ol o g 0 jlome ol il 0 S o s sl 2l S Lo el p Lo D W 4 s bl 008 L LS5
Voo BV S 4 olilo Sl e . Clils inl oot [ sidzes osléza] Cobil 7 ol i, (slooy labd Gltla sy (siledlsr 5 Lol Copo o D
/;;L',ujd.f/j//mﬁ‘guag‘?},/ﬂgucwuw/ﬁ@ il o Gl PP e el Col peand (6l L0 35 g0 05U S taS sl 45T 350 sl

il o 2L ol 10 FY ke O il oslizul

WSS 4l SUT s o 5 0 (B ee 1S S0 STg

Creep Life Assessment of the IN738L.C Superalloy in V94.2 Gas Turbine First Stage Blade

Alireza Toosi Fatemehsadat Sayyedan

Abstract The aim of this research was to calculate and estimate the creep life of the V94.2 gas turbine first stage blade
made of low carbon Inconel 738 superalloy using non-destructive, destructive, and computational methods. The
evaluations performed include metallographic and microstructural examinations using field emission scanning electron
microscopy (FESEM) and mechanical properties tests. An initial inspection was performed on the blade using non-
destructive tests including visual inspection and liquid penetrant followed by comparing the microstructure of the root,
leading edge, and trailing edge. The mechanical properties of the blade, including ambient temperature tensile test, high
temperature tensile test, hardness, and stress-rupture of the middle part of the blade and the root, were compared with
the minimum properties allowed for service. The blade life was assessed using the Larson-Miller parameter and the creep
residual life fraction relationship. The results revealed that the blade root has maintained its initial structure compared
to the leading and trailing edges due to the low operating temperature at this part. Considering the yield strength and
ultimate tensile strength of the airfoil and blade higher than those of the minimum properties allowed for service, the first
stage blade of the turbine will be reusable in case of restoration and rejuvenation of the microstructure. The blade life
was estimated to be 10032 h, which was much less than the required period for overhaul, i.e. 33000 h. So, structural
modification and rejuvenation of the blades are essential and its subsequent use will be unimpeded for 10032 h.

Key words Creep life, Turbine blade, Ni-based Superalloy.
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Design parameter Value
Nominal output power (Iso condition®) 162 MW
Frequncy 50 Hz
Rotatioal speed 3000 rpm
Efficiency (Simple cycle) 345 %
Heat rate 9890 Kj/Kw.h
Exhaust gas flow 391.6 Kg/s
Pressure ratio 1:12
Number of compressor stages (stationary & rotary) 16
Number of turbine stages (stationary & rotary) 4
Turbine inlet temperature (TTT) 1060 °C
Turbine exhaust temperature (TET) 540 °C
Noyemission at full load with natural gas 25 ppm

* Pressure = 1 atm, Temperature = 15 °C, Relative moisture = 60%
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Type of inspection

Interval! (EOH)

Inspection

4,000-8,000°

Hot gas path inspection®

Major inspection®

1) EOH=equivalent operating hours
2) The inspection interval can be extended to 8,000 EOH for machines in continious operation.
3) Inspection scope is included in the hot gas path inspection.
The scope of the hot gas path inspection is an integral part of the major inspection.
4) Dependent on whether replacement parts are used.
Item Repair/Refurbishing interval* Replacement interval
Compressor blades 3 HGPI -
Combustion chamber end plate 1 HGPI 3 HGPI
Combustion chamber tiles - Based on inspection findings
Mixing casing 1 HGPI 4 HGPI
Inner casing 1 HGPI 4 HGPI
Stage 1 moving blades 1 HGPI
Stage 2 moving blades 1 HGPI
Stage 3 moving blades 1 HGPI 3 HGPI
Stage 4 moving blades - 3 HGPI
Stage 1 stationary blades 1 HGPI 3 HGPI
Stage 2 stationary blades 1 HGPI 3 HGPI
Stage 3 stationary blades - 3 HGPI
Stage 4 stationary blades - 3 HGPI

1) Itcan be anticipated that inspection findings will require replacement of individual items.
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