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Tensile strength
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Similitude & Failure Criteria
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Multi-axial Loading
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High pressure spray

Kundu & Stamoulis (2025), Engineering Failure Analysis 175, 109581
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Interface

“Cold Spray
Deposit

’ Substrate
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[Each failure mode needs its own criterion! |

Deposit Failure

Interface Failure

Substrate Failure
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What can we learn from composites?
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Hashin Z. Failure criteria for unidirectional fiber
composites. / Appl Mech 1980; 47: 329-334
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Don’t like Hashin?

No problem!

We also have:
* Tsai-Wu,

*  Tsai-Hill,

*  Puck,

* LaRCO03,

* LaRCO04,

* LaRCO05

° Etc.
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Barely Visible Impact Damage




https://repository.tudelft.nl/record/uuid:218e2cc5-5ca9-40f0-a91c-81863deac71c

Impact on a cold spray repair

Yrar

4 Cenber oF mepoac
2 Sicle of Repedr

TUDelft 19



Dents & Cracks

Radial crack
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IndentRepair

Tangential crack (straight)

Indent Repair

Tangential crack (ring-like)
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Delamination |
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[NB: Material appears intact from impact side ( = outside!)

Shear plugging & stretching

Shear plugging

RepAir Mid 100] - 20M Gun Mid 100J- 30M
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Thresholds

0-10J Dent

10-20J Cracking

50-100J  Delamination
50-100J  Back-face cracking '

Impact Energy
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What can we learn from composites ?

* No BIVD... but!
* Hidden cracking

» Multiple interacting failure modes

Failure mechanisms amd damage evalition of laminated composibes

uewler compression after impac (CALL: Experimental and numerical
stody

B 5in L B R Halk=a
Composites: Part A 104 | 0FE) 41 =59
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Fatigue
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Sand Blast

Scotch Brite

Single crack

Limited delamination
N gvg = ~51,000
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Multiple cracks

Extensive Delamination
Nt avg = ~94,000
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Delamination Measurement with C-scan

Delamination Area ower Cycles
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What can we learn from composites / FMLs?
Delamination / crack interaction

No delamination With delamination
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Conclusions

Cold Spray

° Multiple failure modes Deposit
* Competition

* Interaction Interface

Substrate

* Need for individual characterisation

* We can draw inspiration from the composites community!
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Predicting failure of cold spray repair: account
for competing & interacting failure modes!

j.a.pascoe@tudelft.nl
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