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Abstract 
 

This paper describes the application of new technologies for the corrosion pitting inspection 

on the most endangered parts of steam turbines. Initiating in the corrosion pitting, a crack may 

cause serial damage to the steam turbine blade often ending in its breakaway. To this day, it is 

not exactly known what kind of degradation mechanism is responsible for the pitting. There 

are several measurement techniques applicable for extracted single blades, but no 

conventional approach, that could inspect the turbine blades in situ. In this respect, an 

advanced 3D scanner combined with complex post-processing process seems to be very 

promising approach. After a complex post-processing process, the distribution of the 

corrosion pitting on a blade can be determined. The area of interest had been measured and 

the relationship between corrosion pitting distribution and the turbine blade breaks was 

sought. Moreover, a comparison of pit profiles obtained by 3D scanner and optical 

microscopy have been carried out. 
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Introduction 
 

Corrosion pitting is one of the most serious problems of the steam turbines especially in fossil 

power plants, which can lead to stress corrosion cracking and subsequent failure. A survey of 

EPRI has shown that the most of the turbine blade failures occur in low-pressure turbines in 

ultimate or penultimate blade row.
1
 

 

In the Czech Republic, there are considerable difficulties with the penultimate row of Skoda 

200 MW steam turbines produced between 1965 and 1977. Similar problems occurred by that 

time in power plants worldwide. The first failure occurred in 1983, followed by several other 

after operation ranging from 5,000 to 200,000 hours.
2,3

 The Skoda 200 MW turbine blades 

were made of steel X12Cr13 for which standards admit wide limit of chromium content 12–

14%. 

 

From the confrontation of views, there is a clear consensus that in 12–14% chromium steels 

the trouble begins in the region of initial condensation, where the corrosion-aggressive 

substances (chlorides and sulphates) contained in the steam condensate on the turbine blade 

surface in high-concentrated film. During the outage, the drying process increases its 

concentration even more and the chemical reactivity is moreover increased by its oxygenation 

on air. It is accepted, that corrosion pits tend to initiate at sites with manganese sulphide 
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inclusions (MnS), although not exclusively. Furthermore, it has been shown that steels with 

chromium content ≥ 13% have increased resistance to the pitting corrosion.
4
 

 

 

Area of interest 
 

As had been said above, the cracking problems affect only penultimate row of low-pressure 

steam turbines, which seems to be related to the use of single-reheat on these power plants, 

that places the region of initial condensation there.
5
 

 

Fractographic analysis of the broken blades has shown, that the cracks initiated every time at 

the pressure side surface in the proximity of the trailing edge up to 100 mm from the blade 

root. There were detected various pits, at which initiation of several partial cracks occurred 

and propagated across the thickness towards the suction side. Observation by light and 

scanning electron microscopy showed that both the fracture surface and blade surface are 

covered with a very thick layer of impurities and corrosion products. 

 

The research conducted on the broken turbine row blades has revealed that the main reason 

for the highly localised cracking is most likely the pitting distribution along the trailing edge 

(see Graph 1). Moreover, thickness of the trailing edge almost linearly increase from about 

1.7 mm in the proximity of the blade root to 2.5 mm in the distance 150 mm from the root. 
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Measurement techniques 
 

An analysis of technologies capable of pitting monitoring have been carried out, and in 

particular, various 3D optical and laser scanners were compared in terms of measurement 

accuracy and speed.  

 

Laser scanners have a sufficient point-to-point distance (up to 0.014 mm) and accuracy 

(approx. 0.05 mm). An important advantage is small working distance (95–150 mm), which 

allows scanning mounted blades in situ. Due to geometry restrictions in situ, where the area of 

interest is partially covered by an adjacent blade, it is necessary to use primarily scanners with 

measuring arms, which have laser diode and camera in a line. This helps to get the lowest 

incident angle as possible (approx. 30°), which is sufficient for getting reasonable results (see 

Figure 1). 

 

 
Figure 1: Scanning geometry of a third row of low-pressure 200 MW Skoda blades 

 

 

For various reasons it is frequently not possible to scan the surface near the trailing edge of all 

blades. From the inaccessible surface, it is possible to capture replicas. Surface replication is 

based on application of a fast curing two-component silicon mixture, dispensed with the 

manually operated dispensing gun. For the purpose of evaluation, the resulting replica should 

be thereafter scanned.  

 

 

Comparison of 3D scanning and optical microscopy 
 

For the purpose of metallographic analysis two extracted blades were used, which suitably 

demonstrated common corrosion pit distribution and size. There were selected 11 areas with 

the presence of corrosion pits suitable for analysis, which had been scanned and then cross-

section samples were taken. Mechanical sample preparation by grinding and polishing may 

have caused erosion of hard oxide particles in some cases, in these cases the oxide thickness 

was determined by the fingerprint in embedding material. 

 

30° 



From the comparison of the samples by optical microscopy and 3D scanning is clear, that in 

the case of depth measurement the 3D scanner is well above its specified accuracy, with 

deviations up to 20 µm. Less accurate, however, is width measurement, where the scanner 

limits become evident. The limit point-to-point distance and the subsequent making of 

triangle mesh may smooth the pit edges, so that a scanned pit width may look greater than it 

actually is. The observed difference is 5–75 % increase compared to optical microscopy, i.e. 

to the conservative side. 

 

 
 

 
 

Figure 2: Comparison of a corrosion pit cross-section (above) by optical microscopy (below left) and 

3D scanning (below right) 

 

 

Post-processing process 
 

Evaluation of pitting corrosion is carried out on the principle of comparison between the scan 

and some kind of reference. The problem is that even if the blade drawing or model are 

available, they are usually not appropriate for the evaluation process, since every single blade 

has unique shape. It is therefore necessary to establish a reference in another way. For a 

slightly curved surface, the best solution is to use same scan computed to a smooth triangle 

mesh, where the pitting disappear completely, but the surface curvature remains perfectly 

preserved. This approach allows to visualise the pitting with a depth ≥ 0.05 mm, eliminating 

small errors of the scanner optics resulting from various reasons. 

 

The disadvantage of this post-processing approach becomes evident during the scanning in 

the vicinity of the trailing edge. The edges are rounded as a result of the surface smoothing, 

312 × 99 µm 

436 × 101 µm 



which have negative impact on the pit sizing, i.e. its depth may be underestimated, although it 

usually remains detectable. For a precise estimation of the pit depth in the vicinity of an edge 

it is necessary to create a reverse model from the edge and its immediate environment. The 

area of interest is in reality very close to the trailing edge, so this approach seems to be most 

suitable for the application. 

 

  
Figure 3: Photography of a blade (left) and evaluation of its pitting (right) 

 

 

 

  
 

Figure 4: Photography of a trailing edge (above), detail of pitting (below left) and its evaluation (below right) 
 

 

 

 

 

 



Conclusion 

 

The cracks initiated every time at the pressure side surface in the proximity of the trailing 

edge up to 100 mm from the blade root, which is caused mainly by the pitting distribution and 

the thickness of the trailing edge.  

 

For the corrosion pitting monitoring in situ, the most suitable are the 3D laser arms, which can 

be supplemented, if necessary, with the surface replication. From the comparison of the 

samples by optical microscopy and 3D scanning can be concluded, that the depth deviations 

are up to 20 µm, while the crack width may be overestimated by 5–75 % to the conservative 

side. 

 

The post-processing process based on either surface smoothing or reverse modelling allows to 

visualise the pitting with a depth exceeding 0.05 mm at any location. 
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