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Strength of Materials

The study of deformation, failure, and fracture characteristics of materials. 

Can we apply material deformation to material processes?
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Solid phase particle deposition process 
Cold spray (CS)
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The high-speed impact on a substrate without melting the material particles

Cold Spray (CS) Method Feedstock powder 
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Feedstock powder 
(few µm to 50µm)

Impact on the substrate 
(top view)

Stack and make thick deposition 
(cross-sectional view)

Coating

Substrate

Thick deposition

Solid phase particle deposition process 
Cold spray (CS)
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Solid phase particle deposition process 
Cold spray (CS)

Aluminum pipe outer diameter: ø120 mm (8.5 mm thick) 
Maximum thickness of installation part: approx. 45 mm

Copper is installed over aluminum pipe. 
Aluminum is installed on top of it.

Copper over aluminum pipe 
(Partially cut)
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Simulation of the cold spray particle deposition process

Simulation of the cold spray particle deposition process 
J Xie, D Nélias, WL Berre, K Ogawa, Y Ichikawa, Journal of tribology 137 (4)

https://scholar.google.co.jp/citations?view_op=view_citation&hl=en&user=OnshDU4AAAAJ&citation_for_view=OnshDU4AAAAJ:OTTXONDVkokC
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Basic deposition mechanism of CS
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1. Deformation of particles due to external forces 
2. Non-equilibrium surface formation due to it 
3. Stabilization by a new chemical reaction (joining with a partner)

Dynamic nanomechanochemistry reactions 
that occur at the nanoscale and in an extremely short time

Y. Ichikawa et al. Acta Materialia, 164 (2019,) 39-49

5 µm
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Summary

• Our team considers this phenomenon to be a nano-scale chemical 
reaction induced by mechanics, and we are trying to understand the 
phenomenon using a mechanical engineering-based approach. 

• Future Challenges, Our Dreams: 

• We want to be able to handle a wider variety of materials more freely. 

• Polymer: YES, we can! Dr. Kesavan Ravi, IIT (ISM) Dhanbad 

• Ceramics 

• Your cooperation is indispensable to making this dream a reality!  

• We look forward to a Future Collaboration with you! 

• We would be pleased if this fascinating field of research could be a key 
to promoting India-Japan exchanges.
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• About CS deposition mechanism (review paper, Open access) 

• Y Ichikawa, K Shinoda: Current status and challenges for unified 
understanding of bonding mechanism in solid particle deposition 
process, Materials Transactions, 2021. 

• https://doi.org/10.2320/matertrans.T-M2021813
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