Systematic Tuning of Cold Spraying for Aerospace Applications
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Kinetic Spraying:
Basic Mechanisms
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Kinetic Spraying:
Titanium
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Nitrogen
nozzle 24,
Pgas: 40 bar,
Tgas: 1000°C

> optimum size range: 20 — 50 ym (D5, = 33 pm)
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1, DE (gas pressure, gas temperature) UNIVERSITAT

M DE

nozzle 24 nozzle 24

— > saturation in DE: reached at n > 1.2;
p > 40 bar, T > 800°C
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n, UTS (gas pressure, gas temperature) UNIVERSITAT
i uTS

nozzle 24

—>strength > 220 MPa reached at n > 1.4,
here p,,s: 60 bar, T ,;: 1000°C

gas*
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n, UTS (nozzle selection) UNIVERSITAT

M UTS

nozzle 50

——>strength > 300 MPa at n > 1.5,
>50 bar, T_.. >900°C

pgas gas
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properties of cold sprayed Ti
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Ti - Coatings: Microstructure

iImpact morphology coating microstructure
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——> linear correlation with n
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after annealing: MFT-Test UNIVERSITAT
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similar to bulk Ti (grade 2) UNIVERSITAT

Tp =1000 °C
p =40 bar
nozzle 50

¢ reference Ti grade 2

stress amplitude [MPa]

Ti, grade 2 annealed, 1 h
coarser powder, annealed 40 h annealed, 40 h
coarser powder, annealed 40 h, high

number of load cyles[N]

R = min. stress / max stress = 0.05
endurance limit: at > 7 x 106 cycles
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production of complex Ti-parts

goals achieved:
fatigue strength 93% bulk
tensile strength 560 MPa
< 0.1% porosity
> 95% DE
< 1500 ppm Oxygen
> 10 kg Ti per hour
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challenge:
impact angle

at contours
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Cold Spraying of Al-alloys



Cold Spraying of Al-alloys

Parameter selection

112! Helmholtz-Zentrum |
:s:: Geesthacht ~(<///
Z

entrum fiir Material- und Kiistenforschung ~ FHErMUT SCHMIDT
UNIVERSITAT

n (gas pressure, gas temperature)

T[°C]

Helium

p [MPa]

20
19
18

11

T[°C]

Nitrogen

p [MPa] .



Coating Microstructures

Spraying

Cross-section hardness Surface hardness
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conditions HV 0.3 HV 2.0 iy y
A 97 = 7 102 + 7 0,8 +0,1 1.21
1.35
1.45
1.14
F 89 +5 92 + 6 1,73 + 0,07 | 1.30
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Tensile Strength [MPa]

UTS
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Tensile strength (MFT) vs eta Z

Tensile Strength [MPa]



Coating Strength (MFT)
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Parameters yield strength  UTS (MPa) ductility total
(MPa) (%) elongation

(%)
B 277 £ 9 299 + 6 0,7+0,3 0,8+0,3
B-T6 Treatment 289 + 10 310+ 4 1,0+ 0,3 1,1+0,4
C 293 + 20 333+3 2,717 49+1,7
C-T6 Treatment 291+ 5 338+ 7 3,1+0,3 54+10

D - 169 + 31 0,0 0,0
D-T6 Treatment 264 240 £ 36 0,1+0,1 0,1+0,1
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Tensile Strength MFT [MPa]
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Kinetic Spraying —
Ni-based superalloys



Ni-Superalloys: less brittle than expected due to
deformation-induced phase transformation upon impact

HELMUT SCHMIDT
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 Dense coating despite low impact temperature by spraying with He

process gas: He
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Kinetic Spraying —
Intermetallics
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Understanding Development of
Mechanisms . Spray Equipment
Cold Spraying .
coating quality for Aerospace Applications: Kinetiks 8000-X:
,all-inclusive® 1 bulk properties nozzles, p, T

in repair or manufacturing!

Aerospace A
Application

Ti-6Al-4V MCrAlY

Ti



