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Kurzfassung

Erfahrungen der EDF mit Erosionen 
an Endschaufelabrisskanten von 
Niederdruckturbinen im flexiblen Betrieb

In Frankreich, wie in den meisten europäischen 
Ländern, unterstützen fossil befeuerte Kraft-
werke beim Ausgleich der Elektrizitätsprodukti-
on und -nachfrage. Die schwankende Produkti-
on aus erneuerbaren Energien erweitert diese  
Notwendigkeit zunehmend. Fossil gefeuerte 
Kraftwerke müssen damit weiter zunehmend 
flexibel betrieben werden, mit zahlreichem An- 
und Abfahren.
EDF betreibt einige fossile Kraftwerke, die ur-
sprünglich nicht für diese Betriebsart ausgelegt 
waren. Diese Anlagen werden seit vielen Jahren 
mit hoher Zuverlässigkeit betrieben. Die heutige  
Fahrweise hat in letzter Zeit neue Probleme auf-
geworfen.
Das Ziel dieses Artikels ist es, eines dieser neuen 
Probleme vorzustellen, die Erosion an End-
schaufelabrisskanten. Dieses Problem wurde 
erstmals in 2013 erkannt, mit größeren Erosio-
nen auf etwa 1/3 Länge der Schaufelhöhe (fuss-
seitig). Das Problem wurde umso gravierender 
als ein Endschaufelfehler in einem Fall zur völ-
ligen Zerstörung einer baugleichen Turbine ge-
führt hat.
Zur Bearbeitung dieser Problemstellung wur-
den ausführliche 3D-Berechnungen durchge-
führt, welche mit realen Schaufelvibrations-
messungen abgeglichen wurden. Dieser Ansatz 
erlaubt es, ein Kriterium für den Erosionsvor-
gang zu ermitteln. Damit wurde eine leicht in 
der Praxis anwendbare sowie kostengünstige 
Methode entwickelt, den Erosionsvorgang ge-
genüber mit diesem Kriterium zu verfolgen. l

Last stage blade trailing edge 
erosion feedback in EDF LP 
turbines with flexible operation
Hamza Heddoun and Jean-Marc Richard

Hamza Heddoun
Jean-Marc Richard
EDF Thermal Engineering, Paris, France

How flexible operation 
could bring new issues on 
old and well-proven units 

The EDF thermal fleet in France has been 
significantly renewed during the past 10 
years, to provide flexible operation capabil-
ity. Very modern plants like the new gen-
eration combined cycle gas turbine plant in 
Bouchain which demonstrate a very high 
efficiency, more than 62 %, have been 
built. However, old units like fuel oil units 
with only a few years remaining before the 
end of life are still in operation.
These old fuel oil power plants were built 
in the late sixties, early seventies when fuel 
oil was cheap. They were originally de-
signed for base or semi-base load opera-
tion, and they have been operating like 
that for years.
In France, where electricity generation 
comes for a very large part from nuclear 
power plants, the thermal plants duty is to 
ensure the balance between generation 
and consumption with enough flexibility, 
especially during peak periods.
Nowadays, the old fuel units are facing 
these new operating constraints, with the 
request for very high flexibility. As a conse-

quence, new issues have been raised, like 
the last LP stage blade trailing edge ero-
sion, which is the purpose of this paper.
We could see this erosion in the F i g u r e  1 
where we have a view on the last LP stage 
blade, from the exhaust. The erosion zone 
encompasses about one third of the blades 
on the lower part near the root.
The unit has operated during more than 30 
years without facing this erosion, but with 
new operating conditions, it was observed 
within a few years only!
These steam turbines were built in the 
1970ies, see F i g u r e  2 .
These steam turbines (600 MW class) have 
1 HP, 1 IP casing and 2 or 3 LP casing. The 
last LP stage blades are 42 inches long, free 
standing and have fir-tree roots.
One unit of this type faced a major accident 
in the seventies coming from a blade rup-
ture near the root. Since this accident, the 
blade design has been modified and the 
last stage blades have been regularly con-
trolled. From these periodic inspections, 
we have the opportunity to get a good fol-
low-up on the shape of the blades; we have 
then clearly seen how fast the trailing edge 
erosion was coming.
All blades are not affected to the same ex-
tent. On the F i g u r e  3 , we could see one 
blade with a strong erosion and one with a 
very light erosion. Among the differences 
between blades, two parameters appear to 
have a significant influence on the phe-
nomenon:

 – Shapes are not strictly identical  
→ larger blades are more eroded

 – Axial locations are slightly different  
→ proud blades are more eroded

What could cause such erosion?
In order to assess the issue, we carried out 
at first a root cause investigation on the 
erosion phenomenon. 
Erosion in a steam turbine is a very well-
known phenomenon, but not on the LP last 
stage blade trailing edge. Erosion can be 
caused either by solid particles or by water 
droplet.
Solid particle erosion affects mainly HP or 
IP turbine, and in such a case all steam path 
(all stages) is concerned. It is not our case 
where only last stage blades are damaged.Fig. 1.  Tailing edge erosion example.
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Water droplet erosion affects LP turbine: 
there is a percentage of wetness in the last 
LP stages, which depends on the steam ex-
pansion. The possible origins of droplets 
are:

 – Droplet nucleation during condensation 
gives droplets of very small size (a few 
microns)

 – Water can also come from liquid film on 
upstream stator blade. This “coarse wa-
ter” (droplets up to 100 microns) is car-
ried by steam flow to the blades: this wa-
ter is well known to cause the blade lead-
ing edge erosion

 – Water is also injected for desuperheating 
purpose at start-up and low load: This is 
done with nozzles spraying small size 
droplets (nearly 100 microns). However 
spray operates when heating is suspect-
ed, and then droplets should evaporate

In order to compare order of magnitude of 
kinetic (impact) energy (E), we can calcu-
late the ratio of impact energy of droplet on 
rotating blade.
Assuming for this calculation that droplets 
have the same velocity, we can compare the 
influence of droplet diameter: E(100 
microns)/E(1 micron) = 1,000,000. So, 
the influence of droplet dimensions is 
huge. Only large size droplet could cause 
the erosion. 
We can also compare the impact energy at 
the root and the top of the LP blade: E(at 
top)/E(at root) ≈ 4,5, that is only a small 
difference. As we have no erosion visible at 
the top, that means no droplets are present 
on the upper part of the blades trailing 
edge.
As a first conclusion, only large size water 
droplet can cause such erosion.

To have erosion at the trailing edge, it is 
necessary to have flow coming back to the 
blades. That could happen in specific con-
ditions like at start-up, at low load or with 
bad condenser vacuum, when a vortex 
brings flow to the lower part of the LP 
blade. See F i g u r e  4

From this short order of magnitude analy-
sis we can say that erosion may be caused 
by water droplets of large size to have 
enough momentum to cause the damage, 
when operating conditions create desadap-
tation of the flow and when a vortex bring 
the droplet to blades. 

Then the blades which have high velocity, 
strike the droplets. We could assume that 
the effect on the blade starts with probably 
a period of nucleation (a light change of 
the blade surface), and then a period of 
growth of the scars.

We have seen that large size droplets may 
come from two origins. However it is very 
improbable that they come from upstream 
as far as the vortex occurs mainly at low 
load. In addition, at low load, wetness in 
the steam is very low if we look at the steam 
expansion.

At the opposite, it is very probable that 
droplets come from the LP exhaust desu-
perheating system. The system operates at 
low load and at start-up, when vortex do 
exist. But the design is done to cool steam 
flow and nozzles spray small water droplet 
which should evaporate. Off-design condi-
tions should exist to explain the erosion.

When we analyzed the recent operating 
conditions of these steam turbines on site, 
we observed :

 – at start-up, there was sometimes antici-
pation of the starting sequence to be sure 
to be on time at full load. So the LP ex-
haust desuperheating system can be 
opened a longer time 

 – Moreover, the LP exhaust desuperheat-
ing system was sometimes manually 
opened to optimize the differential ex-
pansion of the steam turbine… Then, it 
was possible to let it open for hours with-
out any alarm to warn the operator (with 
the risk to forget it)

Why was this erosion never seen during 30 
years? As already said here above, more 
hours with spray in operation is a part of 
the answer.

Another specificity was the presence of cor-
rosion in the LP exhaust desuperheating 
circuit which is in carbon steel. This corro-
sion could develop during shutdown time, 
more frequent with new operating condi-
tions. The corrosion debris could then 
move in the circuit toward the filter or the 
nozzles. According to the nozzle design, 
the droplet size is larger when nozzles 
are  damaged or when water pressure is 
lower.

By design in these units, the water spray 
flowrate is constant, at a maximum flow 

Fig 2.  LP turbine.

Fig 3.  The erosion depends on the blade shape.
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required for the maximum desuperheating 
case. This flow is too much for most of cas-
es. So far, water is in excess most of the 
time and doesn’t evaporate. In addition, 
coalescence of the small droplets could 
happen to create larger ones. 
All these facts lead to conditions where 
large size water droplets are present close 
to the blades.
Finally, we could highlight that steam ve-
locity and direction in the vortex depend 
on the condenser vacuum. In the historical 
data, we could see that vacuum is often 
poor in these plants where the priority is 
the availability and not the thermodynami-
cal performance.

How could we manage the case?

For these power plants, which are not far 
from the end of life, the challenge is to find 
a solution to continue to operate with the 
minimum of expenses. If not possible, 
blades replacement would be costly (at 
least to open casings if we have blades in 
spare) and could need time to procure new 
spare blades. 
For this last stage blade, we had the oppor-
tunity that many studies have already be 
done in the past. Among them, on-site 
measurements by BVM (blade vibrations 
monitoring) were available. These results 
let us know flow-induced vibrations in the 
various operating conditions.
To assess the consequences of the erosion, 
we decided then to perform a mechanical 
study in order to estimate the stress in the 
blade.
We applied 3D FEM (Finite Element Meth-
od) to calculate stresses due to centrifugal 
force, eigenvalues and then stresses due to 
high cycle vibration using as input data the 
BVM results.
Maximum stress was found near the root 
and this area was notably affected by 
the erosion as it could be seen in the F i g -
u r e   5 .

From what we have seen on blades, the 
erosion could be significant. However, no 
crack was detected. In order to avoid con-
fusion, we decided to call the damages 
“erosion scars”. But to evaluate the conse-
quence of the presence of erosion scar, 
even if erosion scar is not a crack, we sim-
plified our study assuming we have a crack 
at this location.
If so, could we have propagation? For a 
crack, it depends on its location, its depth, 
the rotation speed (centrifugal force), the 
dynamic stress (flow induced vibration)
From our mechanical study, we reached 
the following main conclusion:

 – Keeping margin, we could define a crite-
ria of maximum depth for the scars

 – It is important to avoid overspeed
Now that we have a criterion, how can we 
apply it? We were looking for an enough 
practical, cheap and accurate method to 
compare with our criteria. 
We decided to develop our own methodol-
ogy, combination of modern tools and heu-
ristic approach (see F i g u r e  6 ).

When we have access to the LP turbine 
through the manhole, we need only 1 day 
on site to collect data for 1 LP casing (2 
flows). Then from the raw data, we have 
developed a post-treatment (less than 1 
week for 50 blades).

Fig. 5.  Finite element mechanical calculation.

Fig. 4. Scheme of droplets trajectories.

Fig. 6.  Erosion monitoring.

BVM techniques 
BVM (Blade Vibration Monitoring), also 
called Tip Timing or NSMS (Non-intru-
sive Stress Measurement System), is a 
method of blade vibrations measure-
ment without any contact. The principle 
is to measure the blade transit time in 
front of one or several fixed sensors, 
mounted at the bladed row rim. Then, 
we can compare this measured transit 
time with theoretical transit time of 
blades assumed rigid. Time differences 
allow to calculate blades vibration fre-
quency and amplitude. 
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Finally what have we decided?

In the specific context of these power plants 
(not far from the end of life), all collected 
information and analysis allow us taking 
the following decisions: 

 – Act on the root causes
 – Limit time with water spray in opera-

tion. We modify a few logic in the DCS 
to avoid inappropriate use of water 
spray and put in place additional mon-
itoring to optimize its use. We raise 
awareness among operators.

 – Check and modify water spray system: 
we decided to replace all parts in car-
bon steel by stainless steel from filter 
to nozzles

 – Monitor the water spray pressure 
 – Improve condenser vacuum

 – Compare erosion scars to our criterion: 
The chosen criteria of erosion scars max-
imum depth can be easily applied thanks 
to our own-developed methodology. 
This methodology being practical, cheap 
could be regularly used to monitor the 
erosion scars future evolution.

 – Restart the power plant if erosion is be-
low the criteria

We also decided the alternative strategy in 
case erosion scars come beyond the criteria 
in the following priority order

 – Grinding the blade near the root when 
possible: We find it possible as affected 
blade are the larger

 – Replace the blade if the previous repair is 
not possible and if we have a spare blade. 
However, such replacement needs to 
open the casing, so it needs time and is 
far more expensive

 – If too many blades are damaged, cut all 
blades of the row (and also those of 
the equivalent row in the opposite flow) 
-> This action has an impact on the 
maximum load achievable by the plant 
in order to avoid overload on the L-1 LP 
stage

Conclusion and lessons learnt

Where blades were damaged beyond a cer-
tain limit, blades are replaced… but be-
cause of a limited number of blades in 
spare, we also had blade cutting. As shown 
on F i g u r e  7, we let blade roots in place. 
It was done on only 1 casing (2 flows). Due 
to the overload on the L-1 stage, the max 
allowed load of the power plant decreased 
to 90 %. In both cases, we have to open the 
casing.
We also apply blade grinding. It was done 
only near the root in the radius area. 
Shown in F i g u r e  8  is the blade used for 
validation. Then it was applied on a selec-
tion of blades (often proud), after a dimen-
sional check to confirm that this pro-
cess  could be acceptable. This grinding 

operation can be done without casing 
opening.
As a conclusion, we would like to highlight 
some lessons learnt from this case

 – New type of operation may cause new 
problems

 – LSB trailing edge erosion may potential-
ly affect any unit operating with not 
adapted flow (vortex)

 – To limit the erosion, we could remind the 
following good practices 

 – For the spray water system: stainless 
steel at least between filter and noz-
zles, pressure monitoring to check the 
good operation of the nozzle

Fig. 7.  Last stage blades cutting.

Fig. 8.  Blade after grinding near the root.

 – Control spray water flowrate at low 
load operation, in order to adjust flow 
at what is needed only

 – Coating not only at leading edge but also 
at trailing edge should help?

 – New methods could bring high added 
value: in our case, our methodology for 
erosion monitoring is efficient, accurate 
and limited in cost! l
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