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Hydropower represents 97% of total
electricity production in Québec.
In Canada, it accounts for over 60%.




Cavitation on turbines: challenges, solutions
and opportunities

NATIONAL RESEARCH COUNCIL CANADA

Materials:
Carbon steel (A27)
Martensitic
stainless steel
(CABNM)

Current repair

solution:
Welding (TIG or
MIG)

Opportunity for
cold spray:
Fast
Solid state
No HAZ, no
deformation

Damages:
Corrosion
Wear
Cavitation

Limitations:
Time & cost
Tensile stresses
Heat affected zone
and warpage




Collaborative project on the benchmarking of
cold spray for cavitation damage repair

Canada
NRC-CNRC

POLYCONTROLS

Hydro
- Québec
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Innovation and
expertise

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

Complementarity and
collaboration

Sustainable
manufacturing
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Selection of materials for repair of cavitation
damages

What is a good material for repair of cavitation damages?

— : ) Legacy process:
Compatibility with base welding
material =B .300L stainless steel

*Cavitec
* Most of turbines are made of A27
or CA6NM
= «: Cold spray

Damage Resistance rE
]y <Atomet 1025 carbon steel
+316 stainless steel

Processability “Cavitec
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Atomet 1025 and 316 SS powders

Atomet 1025 carbon steel
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Atomet 1025 and 316 SS coatings

Atomet 1025 carbon steel
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e Dense, adherent, thick (>1mm) deposits
produced with Plasma Giken PCS100,
- using N, as propeling gas.

Powder | Hardness Particle Hardness
powder velocity coating
(HV1041) (m/s) (HV3005)
316SS 200 + 18 710 336 + 31
R e o ' 1025 116 + 19 740 220 + 36

NATIONAL RESEARCH COUNCIL CANADA o0



Atomet 1025 and 316 SS heat treatment

Atomet 1025 Atomet 1025
As-sprayed Fully heat treated
. : UTS (MPa) | YS (MPa) Strain at
break (%)
Bulk 1025 15
- 2 - CS 1025 HT 390 295 20
CNRC-NRC 15.06V 14.8 x100 YAGBSE . ‘ 5 . - CMPC—MFCH&‘.“135-r~.mx1D'GS ! . m ' 31 6 Sheet 685 377 89
ca e - CS316HT 620 384 40
-1‘ e - o, . : .
i - o . 7 - For more information on mechanical properties of cold sprayed
S oo o MR e i 316 SS, check the presentation of Phuong Vo on Wednesday

CNRC-NRC 15.0kV 14.8mm x1.00k YAGBSE 50.0um CNEC-NRC 15.0kV 13.6mm x1.00k YAGBSE
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Ultrasonic cavitation test — Methodology

4l a2 - 16 (2021)1

SOUND PROOF ENCLOSURE

20 kHz
FREQUENCY FOR OTHER
RECOMMENDED
SPECIMEN
DIMENSIONS
SEE
J FIG. 4
—  [1MMERSION ; — NOMINAL
DEPTH L35 |e—— BEAKER SIZE
124 .i :: See 6.7
1 '
T DISTILLED |
U | U WATER, 25°C
i ¥
L i
e — TEST SURFACE
100 = 10 PEAK TO PEAK FLAT AND
]::i |4 TIP DIA. |. AMPLITUDE PERPENDICULAR
159 % 051 | g um + 5% TO HORN AXIS
0.15 MAX l WITHIN 0.025
RAD OR CHFR
NS = )
I
HORN (DIMENSIONS IN mm
CONCENTRIC UNLESS OTHERWISE
WITH BEAKER SPECIFIED)
WITHIN 5%
OF BEAKER DIA.

FIG. 1 Important Parameters of the Vibratory Cavitation Test

NATIONAL RESEARCH COUNCIL CANADA

Ll
e,
POWER SUPPLY

TEST SPECIMEN

|11 TRANSDUCER

HORN

COOLING BATH

BEAKER

FIG. 2 Schematic of Vibratory Cavitation Erosion Apparatus

Frequency
Peak-to-peak amplitude
Tip-sample distance

Water température

20kHz
50um
500um
21°C
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cumulative weight loss (g)

Ultrasonic cavitation test — Results for 1025 and

316 SS

Time (min)
1
0 200 400 600

0.1
0.01

[ ]
0.001

A
0.0001 '@
A27 ref. material —a&— 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
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1000

A27

Cold sprayed
1025

Cold sprayed
1025 heat
treated

309SS, welded

Cold sprayed
316SS

Cold sprayed
316SS heat
treated

Nominal

incubation
time (min)

108

30

52

101

54

95

Maximum rate

of erosion
(mg/min)

0.35

0.54

0.74

0.15

0.10

0.10

10



Tailored cavitation-resistant alloys might be a
real challenge for cold spray

20

X — 316 SS

- 15

GE) Atomet 1025
>

© 10 Cavitec

>
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C
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£ 0

(m] 01 1 10 100

Particle diameter / pm

-5

Hardness Particle Hardness

powder velocity coating

(HV04¢) (m/s) (HV 3904¢)
316SS 200 + 18 710 336 = 31
1025 116 + 19 740 220 + 36

Cavitec 379+ 24 660 486 + 96
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Phase transition during cold spray?

— Powder y (200)
—— 2207264csb-1
2207264csb-1_700G-30min_Ar | ¥ (111}
- 2207264csb-1_800C-30min_Ar a’ (110
2207264csb-1_900C-30 min_Ar
— 2207264csb-1_1200C-30min_Ar
2206224CSAM_1200C-1h_Ar

m e Twmnze det | mode  Hv n mag O i
e % Al 1500ky | D30nA 1 14 um 12,1

Powder Hardness Particle Hardness
powder velocity coating

Intensfty

(HV 041) (m/s) (HV 3004¢)
316SS 200 + 18 710 336 + 31 p
1025 116 + 19 740 220 + 36
Cavitec 379+ 24 660 486 + 96 506 3 4 Hes sl 0 55
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Cavitation test results

Nominal Maximum rate of
< 140 incubation time | erosion (mg/min)
£ 120 (min)
®100 e
3 50 y=01516x+3.0067) e ° Cold sprayed 1025 30 0.54
% R2=0.9932 | .. . ... ..... @

260 —F 0 ——f — -0
e N R ..._._... Y= 0.1101x + 2.5897 Cold sprayed 1025 52 0.74
g 40 ..-'_,.;""...,..'. R2=(0.9988 heat treated
= 20 W
© At Cold sprayed 54 0.10
g 0 .o"“".‘ 3168S
8 0 100 200 300 400 500 600 700 800 Cold d 3% 0.10
. . old spraye .
Time (min) 316SS heat treated
® cumulative weight loss ®  Cavitec Cold sprayed 3 0.15
® CABNM e Linéaire (Cavitec) Cavitec
--------- Linéaire (CAGNM) Typical Cavitec ~ 1200 <0.015

weld
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Conclusions and next steps

+ 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. -

\
*  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)
of this phase _

Continuation

+ Cold spray of 309 SS to compare with 316 SS
+ Cold spray of Cavitec: effect of PSD and laser assistance
Next phase +  Optimization of coating procedure to maximize performance in cavitation

7\ Hydro Canada
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THANK YOU

Manuel Martin « Technical leader for metal additive manufacturing
Manuel.martin@nrc-cnrc.gc.ca
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