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Cold Spray
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Deposition Process Building ProcessSpray Process

Materials
Predominantly metals, but ceramics, polymers, 
composites, and dissimilar materials have been 

successfully demonstrated.
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Generating Coatings and 
Components

Å Coatings
Å Repair of Components

Å Additive/Subtractive Manufacturing of Components
Å 3D Printing

NU CS Laboratory
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Discussion Points

1. Understanding and maximizing build speed
i. Cost

ii. Turnaround time

iii. Conservation of consumables and nonrenewable resources

2. Understanding heat generation and controlling thermal 
input

i. Application in thermally sensitive components

ii. Controlling thermally added stresses
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Deposition Rates in Cold Spray
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Predominantly metals, but ceramics, polymers, 
composites, and dissimilar materials have been 

successfully demonstrated.
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Q. Chen, et al., NU

Bonding Mechanism & Criteria
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Erosion Velocity

Critical Velocity
C1 = 1.2 C2 = 0.8

C1 = 4.8 C2 = 1.2

Fitting Constants Assadiet al. (2003)
Schmidt et al. (2006)
Schmidt et al. (2009)
Assadiet al. (2013)

CS Modeling Team

experiments model results

O. Ozdemir, C. Widener, SDSM&T W. Xie, J.-H. Lee, UMASS
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–value & Deposition Efficiency
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In the Supersonic Nozzle
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Image Source: https://www.grc.nasa.gov/www/k -
12/airplane/dragsphere.html

Gas Flow

Particle drag generated by gas-particle 
velocity difference

Accelerating 
particles



Gas Capacity
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ÅThrust (force) available in nozzle
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Nozzle Throat Area

Gas Pressure

Gas Temperature

Gas Type (He/N2)

Increases Along Nozzle

Particle handling capacity 
changes under different 
circumstances.



Particle Loading Rate
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Maximize this parameter for highest gas usage efficiency

Increasing this parameter reduces particle impact velocity

How much reduction? What are physical limitations?



Å Traditionally:

ï < 15 g/min (1,2,3)

ï < 5% wt. of gas

Å New information:

ï Higher feed rates possible(4)

Powder Feeding Capacity & Limitations

Need

Å Comprehensive understanding of 
powder feeding capacity and limitations.

Importance

Å More deposition per volume of gas spent

Å Maximize deposition speed

Å Reduce cost / part

1. Taylor et al. (2005)
2. Champagne (2008)
3. Schmidt et al. (2009)
4. Meyer et al. (2016)
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Gas Dynamic Model for Handling 
Powder Loading Losses
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Continuity

Momentum

Energy

Build Two-way Coupled Quasi-1D Model

Study Particle Loading Effects 
on Aerodynamics

Numerical Tests 
(~5800 Simulations)

Useful for Optimization

Numerical models show minimal effects on particle impact 
conditions with increase in particle loading rate.



Other Materials
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Traditional Range of Deposition
0-15 g/min 

aluminum generally < 5 g/min

Fluid stream loading: 0 ɀ60% Particles in Gas Stream by weight

Loss in Eta (%) Deposition Efficiency (%)



High Speed Deposition
Limitations
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Major limiting factors
Å Traverse robot speeds
Å Residual stress management
Å Safety management

Cylindrical Parts

Vnozzle

Buildup Desired = 0.25 mm/layer
Vnozzle = 612 mm/s

Powder Feed Rate 13.66g/min

Powder Density 2700kg/m3

Volumetric Buildup Rate 84.32mm3/s



Case Study: Tantalum
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Study
Å Vary particle loading 

Å 5% to 15%
Å 1.6 kg/hr to 4.7 kg/hr
Å Triple speed and observe 

mechanical and 
microstructural effects

Å Samples placed on a cylindrical 
fixture 

Å Tantalum on hardened 4140 steel



Effects on Impact Velocity
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