
The 12th International Conference of the Slovenian Society for Non-Destructive Testing 
»Application of Contemporary Non-Destructive Testing in Engineering«  

September 4-6, 2013, Portorož, Slovenia  

 
 
 

On site validation of hardfacing processing on Pelton runners for 
hydropower plants 

 
 

Walter Cerri1, Luca Baroncini1, Flavio Chiaradia2 and Ezio Tuberosa3  
1Flame Spray Spa – Via Leonardo da Vinci 1 – 20877 Roncello - Italy 

walter.cerri@flamespray.org, luca.baroncini@flamespray.org  
 

2Hydros GmbH /Srl – Claudia Augusta Str. 161- 39100 Bozen / Bolzano - Italy 
Flavio.Chiaradia@hydros.bz.it  

 
3IREN Spa / AIPND Associazione Italiana Prove Non Distruttive Via Foresti 5 –  

25127 Brescia - Italy  Ezio.Tuberosa@gruppoiren.it   
 
 

ABSTRACT   
 

In service Pelton runners buckets are subject to severe water erosion conditions, detrimental for 
the efficiency and the reliability of the turbine.  
A tungsten carbide coating has been applied by robotized HVOF process on the buckets of a 
Pelton runner with outer diameter 1640 mm. The runner has been then tested in service with a 
jump of 345 m and velocity 600 Rpm, comparing the lifetime with uncoated runner. 
As a result the coating with respect to water erosion provided a lifetime increase of a factor two. 
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Background  

Water erosion is a critical factor limiting  Pelton runners lifetime is operation.  
In the Alps wear damages due to water erosion are revealed in much shorter operation time than 
in the past. 
To mitigate wear due to water erosion is now necessary to achieve a proper availability and 
profitability of Pelton turbines for power generation. 
 

1. Case study 
Power Plant : Curon in Italy  
Utility : Hydros srl  
 
Pelton Runner main features 
Outside diameter: 1642 mm 
Length of bucket: 418 mm  
Number of buckets: 20 
Total weight: 7200 Kg. 
Base material: GXCrNi13-4 
 
Operative conditions  
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Jump: 345 m. 
Flow : 4,15 m3/s. 
Power 12,43 MW. 
Velocity 600 Rpm 
 
Performance in service 
The Pelton runner buckets lifetime was limited by water erosion.  
Until a few years ago the runner could be operated for 3 years with an average lifetime of 10.000 
hours. 
In the last years the wear speed was increasing a dramatic way and a new runner could operated 
for one year only (on average 3.000-4.000 hours) prior to be replaced due to material loss. 
 
Therefore the application of a protective hard coating, able to improve the erosion resistance was 
considered as a reasonable option. 
 

2. Erosion resistant coating process 
 
The coating identified, applied and validated in service consists into tungsten carbide layer 
deposited by robotized HVOF (High Velocity Oxy Fuel) process.  
 
HVOF processing consists into delivery of material in form of powder (within the size range of 5 
to 50 microns) heated by a flame and projected by supersonic gas jet towards a target (surface of 
the component to the coated).  During the travel to the target, the coating powder material takes 
the form of liquid or plastic droplets projected towards the target surface where the splashing 
phenomena and subsequent solidification are able to create a holding strength for the deposited 
droplets and the resulting coating.  
 

 
 

Fig. 1 HVOF process coating process during spraying 
 
Coating process  
Flame Spray trademark : CABOFLAM H654 
Chemical composition of the coating alloy : WC 86% - Co10% - Cr 4%  
 
Spraying parameters : 
Particles speed : 600 m/s approx. 
Particles temperature : 1800 °C  approx.. 
Base material temperature < 150°C 
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Due to high temperature and speed of particles, and consequent noise levels > 120 dbA, HVOF 
coating processing can be safely performed only by robotized workstations operating in sound 
proof booths. 
 
Coating quality  
The quality coating was assessed in terms of metallurgical and mechanical properties on coupons 
with the following results :   
- Microhardness : 1150 HV average  
- Porosity < 1% 
- Adhesion (according to ASTM C633) > 70 MPa 
 

 
 

Fig. 2 Metallographic exam of CABOFLAM H654 coating sample 
 

3. Coating application to the runner 
The HVOF coating process CABOFLAM H654 has been then applied on the runner taking 
proper care of the following aspects.  
 
Protection from coating at the end of the bucket 
The coating deposition on the base has to avoided by proper masking the base material with a 
metallic shield, the coating deposition on the end of the bucket must be avoided in order to allow 
the proper NDT monitoring of this critical area during service.  
 
 

 
Fig. 3 Detail on the coating distribution on one bucket 
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Control of the coating on the bucket centerline  
 
It has been verified by coating tests on samples that the HVOF coating can be applied in a 
uniform way on a minimum radius of 1.5 mm  

 

 
Fig. 4 Metallographic section of one sample coated by CABOFLAM H654 section simulating 

the shape of the bucket centerline 
 
Processing on the runner  
The complex shape of buckets required a complex robot programming aimed to achieve a 
uniform coating thickness.  
More than 15 passes with different robot programs were necessary to achieve an average coating 
thickness of 0.25 mm with a standard deviation of 0.1 mm 
 
 

 
Fig. 5 Coating processing of the runner 

  
Main results :  
 
- Average thickness of coating layer : 0.25 mm 
- Roughness as spraid : 4-5 Ra 
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4. In service performance 
 
he performance of the coated runner was evaluated in direct comparison with a standard 
uncoated runner. 
 

 

 
 

 
 

 
 

Fig. 6 Inspection of uncoated runner after 4.500 hours of operation, revealing clear erosion 
effects 
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Fig. 7 Inspection of the runner with tungsten carbide coating  after 6.000 hours of operation 
 
 

5. Results and conclusions 
 
Without the coating protection, a runner had to be replaced after approx. 4.500 hours of 
operation due to wear on buckets.  
The coated runner could be operated until approximately 8.000 hours of operation, when to first 
wear damages appeared on the surface, near to the end of the buckets where the coating had not 
been applied. 
 
In conclusion: 
The target to double the lifetime of this critical runner has been achieved 
Further improvement can be achieved by optimizing the coated surface geometry. 
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