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Abstract – In this research work, an experimental investigation was conducted to explore the effects of
artificially produced pit-like defects on the fatigue life of the members made of AISI 410 martensitic
stainless steel. Compressor blades in power generating industries, made of AISI 410 stainless steel,
commonly suffer from pitting corrosion. Evolution in microstructure properties and chemical
composition of the material has been investigated. The structure reveals matrix of equiaxed ferrite
grains, with randomly dispersed particles of chromium carbide. Well defined pit-like defects were
artificially produced on various specimen and fatigue tests were conducted to acquire the stress-life
(S-N) properties of the material. Resulted stress-life (S-N) curves showed that the fatigue life of the
specimens with larger dimensions (diameter and depth) of artificial pits were lower than the specimens
with smaller size of artificial pit. However, even the smaller pit size can lead to early failure of the
specimen and can reduce the fatigue life by approximately 13.6% from the original specimen without
pit. Copyright © 2016 Penerbit Akademia Baru - All rights reserved
Keywords: AISI 410 Steel, Compressor Blades, Pitting Corrosion, stress-life (S-N) curves.
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1.0 INTRODUCTION
Compressors are one of the main components in gas turbine used in power generating
industries. Fatigue failure originating from pitting corrosion has been identified as one of the
dominant life-limiting factors for the gas turbine blades [1-8]. In power generating industries,
the gas turbine blades are subjected to the corrosive environment from the incoming air during
the operation and can result in the formation of pitting corrosion on the surface of the blades
[9-12]. There have been several studies in the literature reporting that when they operate in
centrifugal and vibratory loading conditions, the cyclic loading and unloading during operation
coupled with the presence of pitting corrosion much reduce the life of the compressor blades
[13]. In this respect, the effect of pitting corrosion on the fatigue life of the compressor blades
need to be established.
Pitting corrosion can have a detrimental influence on the strength and fatigue life of the material
where it acts as stress concentration sites and raise the stress level locally, facilitating fatigue
crack initiation and propagation, leading to final fracture of the blades [10, 13]. Nakai et al.
[14] from his research summarized that the nominal tensile strength of pitted structural
members decreases gradually while the total elongation decreases drastically with the increase
of thickness loss due to pitting. Yoshino and Ikegaya [15] performed experimental
investigations on 12Cr-Ni-Mo martensitic stainless steel in chloride and sulphide environments
and observed that even small amount of H2S have a significant detrimental effect on the
resistance of the steels to the pitting corrosion.
Many researchers have argued that the geometric discontinuity due to a pit induces a large
stress gradient with high magnitude of localized stress [16-18]. The time to nucleate a corrosion
pit under surface straining was analysed at the microscale [19]. A relationship between surface
stress and pitting corrosion has also been established [20]. The effect of pitting damage is to
reduce the life of structural components [21-26]. The study by Becker et al. [27] analyzed the
effect of pitting corrosion on fatigue and fracture behaviour of 13% Cr stainless steel and
highlighted the interactive effects of corrosion pit nucleation and growth. Fatigue cracks have
initiated from the pits on the leading edge and propagated during service operation and led to
the failure of the blade [13, 28].
Earlier research has already established the pits geometry details and its effect on the strength
of the material [29]. This research examines the fatigue life (S-N curves) of AISI 410
martensitic stainless steel compressor blade material with different geometries of artificially
produced pit-like defects. Several cases using the same specimen geometry but different
artificial pit geometries has been examined. The fatigue life of the stainless steel sample
coupons with and without artificial pit are compared.
2.0 EXPERIMENTAL DETAILS
2.1 Material
The material employed in this study is an AISI 410 artensitic stainless steel which was received
in the form of circular plate with radius and thickness of 440 mm and 18 mm, respectively. It
was wire-cut using Electrical Discharge Machine (EDM) into dog-bone shaped specimen to be
used for fatigue testing. Figure 1 illustrates the dimension details of the dog-bone shaped
specimen with a gage length of 25 mm.
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Figure 1: Geometry of dog-bone shaped specimen (dimensions in mm)

The chemical composition of the material was established using Glow Discharge Spectrometry
(GDS) machine and is shown in Table 1. The primary alloying elements are chromium (Cr)
and carbon (C). AISI 410 martensitic stainless steel have higher amount of carbon and
chromium to obtain high strength, high toughness and good corrosion resistance while
manganese and nickel contribute to improved toughness of the steel. Generally, the chromium
and carbon content for martensitic stainless steel lies between 0.08 – 1.10 % for carbon and 12
– 18 % for chromium [30]. Results obtained from GDS for the selected material revealed that
the carbon and chromium content are 0.15 and 14.2 %, respectively. To obtain the mechanical
properties of the respective material as shown in Table 2, tensile test was performed on the dog
bone shaped specimen.

Table 1: Chemical composition (in weight percent) of AISI 410 stainless steel
Material

C

Mn P

S

Si

Cr

Ni

Mo

Al

V

Fe

AISI 410

0.2

0.5

0.002

0.35

14.20

0.39

0.01

0.003

0.03

Bal.

0.02

Table 2: Mechanical properties of AISI 410 steel at room temperature
Material

Tensile Strength
(MPa)

Yield Strength
(MPa)

Elongation
(pct.)

Maximum Load
(kN)

AISI 410

656.04

620.17

30

21.27

2.2 Microstructure
For microstructural study, the material was observed at three orthogonal section planes. The
microstructural observations were obtained and the images of the microstructure at different
magnification were captured using Optical Microscope equipped with image analyser. For
sample preparation, the specimens were finely grind, polished and etched in the etching
solution (5 ml HCL + 2gr Picric acid + 100 ml Ethyl alcohol) for approximately 7 seconds.
Figure 2 shows microstructures of the AISI 410 martensitic stainless steels at the three different
orthogonal section planes. The microstructure shows a typical body-cantered tetragonal (bct)
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structure. The dark area represents martensitic phase while light area shows the ferrite phase.
The structure reveals the matrix of equiaxed ferrite grains, with randomly dispersed particles
of chromium carbide. Since qualitatively identical microstructure is displayed for each section,
the material is expected to behave in isotropic manner.

Figure 2: Microstructure observations for section A, B and C
2.3 Artificial Pit Formation on Specimen
During previous research works, pitting corrosion experiment has been performed according
to ASTM G48-11 standard to quantify the specimen immersion time for creating the desired
characteristic corrosion pit morphology [31]. Pit geometries from the corroded specimens were
quantified and compared with the measured geometry details of the pitted retired blades from
Sultan Iskandar Power Generating Plant, Johor, Malaysia. Approximately 300 pits produced
on the specimen were measured for their diameters and depths. Based on the analysis, the
maximum, minimum and nominal pit diameter and depth values are listed in Table 3.

Table 3: Pit geometry details
Pit Depth (mm)
Pit Diameter (mm)
Maximum

1.00

0.75

Minimum

0.30

0.30

Nominal

0.50

0.50

Artificial pits were then produced on the surface of the dog-bone shaped specimen using Sinker
EDM machine. Four cases of artificial pit were used in this study. The diameter and depth for
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all cases are shown in Table 4 and the specimen with artificially produced pit is shown in Figure
3.

Case
1
2
3
4

Table 4: Geometry details of Case 1 – Case 4
Pit Diameter
Pit Depth
Maximum
Maximum
(1.00 mm)
(0.75 mm)
Maximum
Minimum
(1.00 mm)
(0.30 mm)
Minimum
Maximum
(0.30 mm)
(0.75 mm)
Minimum
Minimum
(0.30 mm)
(0.30 mm)

Artificially
Produced Pits

Figure 3: Dog-bone shaped specimens with artificial pit for (a) as-received (without pit), (b)
Case 1, (c) Case 2, (d) Case 3, and (e) Case 4

3.0 RESULTS AND DISCUSSION
Fatigue test were performed to all of the specimens in order to generate the stress-life (S-N)
curves. There are five types of specimens used in this experiment which are as-received and
specimens with artificial pit (Case 1 – Case 4). The results of the tests were analysed and
compared to one another. All tests were performed using servo-hydraulic Universal Testing
Machine at room temperature with stress ratio of 0.1 and frequency of 20 Hz. The S-N curves
for all cases of AISI 410 martensitic stainless steel specimens are shown in Figure 4.
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Figure 4: Stress-life (S-N) curves for as-received and all cases with artificial pit
The arrow on the graph indicates the infinite life of the specimen for a given loading. From the
graph, fatigue limit σmax of the specimen decrease with the increase of artificial pit size (either
pit depth or diameter). As-received specimen having the highest fatigue life amongst all cases
since this specimen have no pit. From all cases with artificial pit, the lowest fatigue life is for
Case 1, followed by Case 3, Case 2 and Case 4.
Case 1 have the lowest fatigue life because the size of the pit on that specimen is the largest
(maximum diameter, maximum depth). This is followed by Case 3 which having the minimum
diameter and maximum depth of the pit size. The fatigue life of Case 3 is lower than Case 2
and Case 4 because of the depth size which is maximum. Even though the pit diameter is
minimum, the maximum depth of the pit affect and reduce the fatigue life. Then, it is followed
by Case 2 which having the maximum diameter and minimum depth. Finally, Case 4 having
the longest fatigue life amongst all the case with artificial pit since it have both minimum size
for pit diameter and depth.
4.0 CONCLUSIONS
From this study, it can be concluded that the fatigue life of the specimen with artificial pit is
lower than as-received specimen. The lowest fatigue life is possessed by Case 1, followed by
Case 3, Case 2 and Case 4. The depth of the pit plays an important role in reducing the fatigue
life of the specimen. The deeper the depth of the pit, the lower the fatigue life. Even the smaller
pit size can lead to early failure of the specimen. This is proven when the fatigue life of Case
4 (minimum diameter, minimum depth) has been reduced by approximately 13.6 % from the
as-received specimen even it have the minimum size of diameter and depth.
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