
Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=6d7d5eec-7c84-40f9-af61-911234c7f611

https://publications-cnrc.canada.ca/fra/voir/objet/?id=6d7d5eec-7c84-40f9-af61-911234c7f611

NRC Publications Archive
Archives des publications du CNRC

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Cold spray repair of cavitation damages on hydropower components: 

impact of the deposition process and cavitation resistance 

benchmarking
Martin, Manuel; Aghasibeig, Maniya; Caio, Fernanda; Nascimento, 
Alexandre; Pouliot, Luc; Godin, Stéphane; Gauthier, Geneviève; Tôn-Thât, 
Laurent; Schulz, Robert

https://nrc-publications.canada.ca/eng/view/object/?id=6d7d5eec-7c84-40f9-af61-911234c7f611
https://publications-cnrc.canada.ca/fra/voir/objet/?id=6d7d5eec-7c84-40f9-af61-911234c7f611
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


Cold spray repair of cavitation damages 

on hydropower components: 

impact of the deposition process and 

cavitation resistance benchmarking

ITSC 2023

Manuel Martin1, Maniya Aghasibeig1

Fernanda Caio2, Alexandre Nascimento2, Luc Pouliot2

Stéphane Godin3, Geneviève Gauthier3, Laurent Tôn-Thât3, Robert Schulz3

1: National Research Council Canada; 2: Polycontrols Technologies; 3: Hydro-Québec



2NATIONAL RESEARCH COUNCIL CANADA

Hydropower represents 97% of total 

electricity production in Québec.

In Canada, it accounts for over 60%.

https://www.hydroquebec.com/visites-installations/visites-grand-public/daniel-johnson-manic-5-cote-nord.html



Cavitation on turbines: challenges, solutions 

and opportunities

3NATIONAL RESEARCH COUNCIL CANADA

Materials:
Carbon steel (A27)

Martensitic

stainless steel

(CA6NM)
Damages:

Corrosion

Wear

Cavitation

Current repair

solution:
Welding (TIG or 

MIG)
Limitations:

Time & cost

Tensile stresses

Heat affected zone 

and warpage
Opportunity for 

cold spray:
Fast

Solid state

No HAZ, no 

deformation



Collaborative project on the benchmarking of 

cold spray for cavitation damage repair

4NATIONAL RESEARCH COUNCIL CANADA

Objective:

Validate cold sprayability of

strategic materials for the

repair of hydropower

components damaged by

cavitation and assess the

performance of cold sprayed

material vs. cavitation

RTO

Solution

provider

End 

user

Innovation and 

expertise

Complementarity and 

collaboration

Sustainable

manufacturing



Selection of materials for repair of cavitation 

damages
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What is a good material for repair of cavitation damages?

NATIONAL RESEARCH COUNCIL CANADA

Compatibility with base 
material

• Most of turbines are made of A27 
or CA6NM

• Corrosion and cavitation

Damage Resistance

Processability

Legacy process: 
welding

•309L stainless steel

•Cavitec

Cold spray

•Atomet 1025 carbon steel

•316 stainless steel

•Cavitec



Atomet 1025 and 316 SS powders
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Atomet 1025 and 316 SS coatings
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Atomet 1025 carbon steel

316 stainless steel

Powder Hardness

powder

(HV10gf)

Particle

velocity

(m/s)

Hardness

coating

(HV300gf)

316SS 200 ± 18 710 336 ± 31

1025 116 ± 19 740 220 ± 36

Dense, adherent, thick (>1mm) deposits

produced with Plasma Giken PCS100, 

using N2 as propeling gas.



Atomet 1025 and 316 SS heat treatment
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Atomet 1025

As-sprayed

Atomet 1025

Fully heat treated

Hardness: 220±36 HV300gf Hardness: 111±7 HV300gf

Material UTS (MPa) YS (MPa) Strain at 

break (%)

Bulk 1025 440 370 15

CS 1025 HT 390 295 20

316 sheet 685 377 89

CS 316 HT 620 384 40

For more information on mechanical properties of cold sprayed

316 SS, check the presentation of Phuong Vo on Wednesday

afternoon, 5:30.



Ultrasonic cavitation test – Methodology
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Frequency 20kHz

Peak-to-peak amplitude 50µm

Tip-sample distance 500µm

Water température 21oC



Ultrasonic cavitation test – Results for 1025 and 

316 SS 
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A27 ref. material SS309 ref. material

cold sprayed 1025 - no heat treatment cold sprayed 1025 - heat treated

cold sprayed SS316 - no heat treatment cold sprayed SS316 - heat treated

Material Nominal 

incubation 

time (min)

Maximum rate 

of erosion

(mg/min)

A27 108 0.35

Cold sprayed

1025

30 0.54

Cold sprayed

1025 heat

treated

52 0.74

309SS, welded 101 0.15

Cold sprayed

316SS

54 0.10

Cold sprayed

316SS heat

treated

95 0.10



Tailored cavitation-resistant alloys might be a 

real challenge for cold spray
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Cavitec

Powder Hardness

powder

(HV10gf)

Particle

velocity
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Hardness

coating
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316SS 200 ± 18 710 336 ± 31

1025 116 ± 19 740 220 ± 36

Cavitec 379 ± 24 660 486 ± 96



Phase transition during cold spray?
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Powder Hardness

powder

(HV10gf)

Particle

velocity

(m/s)

Hardness

coating

(HV300gf)

316SS 200 ± 18 710 336 ± 31

1025 116 ± 19 740 220 ± 36

Cavitec 379 ± 24 660 486 ± 96



Cavitation test results
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Material Nominal 

incubation time 

(min)

Maximum rate of 

erosion (mg/min)

Cold sprayed 1025 30 0.54

Cold sprayed 1025 

heat treated

52 0.74

Cold sprayed

316SS

54 0.10

Cold sprayed

316SS heat treated

95 0.10

Cold sprayed

Cavitec

3 0.15

Typical Cavitec

weld

~ 1200 < 0.015

y = 0.1516x + 3.0067
R² = 0.9932

y = 0.1101x + 2.5897
R² = 0.9988
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Conclusions and next steps
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Conclusions

• Cold spray can be used to produce 1025 and 316SS coatings with reasonable resistance to cavitation.

• Heat treatment does not necessarily impact overall cavitation resistance on these 2 materials.

• Cavitec, a TRIP-steel, is very challenging to cold spray; can be related to phase transformation upon 
impact. 

Continuation 
of this phase

• Further cavitation tests (high pressure tests)

• Analyses of samples to understand cavitation mechanisms (with vs. without heat treatment, 1025 vs. 316,
bulk vs. cold spray)

Next phase

• Cold spray of 309 SS to compare with 316 SS

• Cold spray of Cavitec: effect of PSD and laser assistance

• Optimization of coating procedure to maximize performance in cavitation



THANK YOU
Manuel Martin • Technical leader for metal additive manufacturing 

Manuel.martin@nrc-cnrc.gc.ca


