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- Powder

Powder 1-150 um | Particle '

T Feed High Energy
eeder Gas Impingement _ S
u
. 300 - 1200 m/s
S
He d s — 6 =
and/or 2 Substrate
N .
2 [ A Materials
1 Predominantly metals, but ceramics, polymers,
E

Electric
g Gas
Heater

Gas / Powder Converging-

A composites, and dissimilar materials have been
Mixing Diverging Nozzle

successfully demonstrated.

~

10 mm

Spray Process Deposition Process Building Process



Northeastern University

College of Engineering

Generating Coatings and
Components

A Coatings
A Repair of Components
A Additive/Subtractive Manufacturing of Components
A 3D Printing

NU CS Laboratéry
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Discussion Points

1. Understanding and maximizing build speed
I. Cost
ii.  Turnaround time
lii. Conservation of consumables and nonrenewable resources

2. Understanding heat generation and controlling thermal
iInput
I.  Application in thermally sensitive components
ii.  Controlling thermally added stresses
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Deposition Rates in Cold Spray
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Bonding Mechanism & Criteria
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—value & Deposition Efficiency
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In the Supersonic Nozzle
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Gas Capacity

A Thrust (force) available in nozzle
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Gas Temperature changes under different
circumstances.
Gas Pressure
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Particle Loading Rate
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Maximize this parameter for highest gas usage efficiency
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How much reduction? What are physical limitations?
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Powder Feeding Capacity & Limitatic

A Traditionally: Need
i <15 g/min 423 A Comprehensive understanding of
i < 5% wt. of gas powder feeding capacity and limitations.

A New information:

i Higher feed rates possibl&) Importance

A More deposition per volume of gas spent
A Maximize deposition speed
A Reduce cost / part

Taylor et al. (2005)
Champagne (2008)
Schmidt et al. (2009)
Meyer et al. (2016)
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Gas Dynamic Modé&br Handling
Powder Loading Losses

Build Two-way Coupled QuasilD Model
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Study Particle Loadingeffects
on Aerodynamics

Numerical Tests
(~5800 Simulations)
Useful for Optimization
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Other Materials

Traditional Range of Deposition
0-15 g/min
aluminum generally < 5 g/min
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High Speed Deposition
Limitations

Buildup Desired = 0.25 mm/layer
V, =612 mm/s

nozzle

Major limiting factors

A Traverse robot speeds

A Residual stress management
A Safety management

0.0004
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Deposition Height ( mm )
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Cylindrical Parts 0>

—

Powder Feed Rate 13.66 g/min
Powder Density 2700kg/m3
VVolumetric Buildup Rate 84.32mm3/s
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Case Study: Tantalum

Study e
A Vary particle loading
A 5% to 15%
A 1.6 kg/hr to 4.7 kg/hr
A Triple speed and observe
mechanical and
microstructural effects
A Samples placed on a cylindrical
fixture
A Tantalum on hardened 4140 steel
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Effects on Impact Velocity

Particle Impact Velocity
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