Al-Driven Additive Friction Stir
Deposition for Aircraft Structure Repair
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Motivation Objective
Current aircraft repairs require significant manual Develop and validate an Al-guided additive friction
labor and often add weight. Improving repair stir deposition (AFSD) framework to automate
efficiency while minimizing mass is paramount to structural repair definition, generate viable repair
enabling more effective and scalable aircraft strategies, and minimize added mass while
maintenance repair and overhaul (MRO). satisfying structural performance requirements.

Envisioned Workflow for Al-Guided Repair

1. Capture Damage \ /2. Screen Candidates\ / 3. Optimize Repai

Generate 3D geometry model Use physics-informed Refine toolpath to produce Execute and evaluate the

and repair candidates surrogate models executable repairs
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selected repair strategy
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5. Model Feedback

Use experimental results to update and optimize models

Mass Considerations for Repair

The total repair mass is equal to the sum of the patch

The total repair mass is equal to the AFSD patch

mass plus the total rivet mass
M, epair = Aptpp + nym, M .epair = AarsptarspP
A, = patch area n, = number of rivets A, = patch area

/ Riveted Patch Repair \ / Raised AFSD Repair \ / Flush AFSD Repair \

There is no added repair mass

Mrepair =0

t, = patch thickness m, =mass of rivets tyrsp = AFSD patch thickness
p = material density p = material density

Research Hypotheses Research Gaps

1. Al-guided AFSD repair can reduce the manual effort * Avalidated method for translating aircraft damage into a
required to convert aircraft damage into an feasible AFSD repair has not yet been determined.
executable repair definition. * The time and cost savings associated with automated

2. Raised AFSD remains lighter than a riveted patch AFSD repair have not yet been quantified.
repair when: * AFSD geometry and thickness required to satisfy fatigue

PAarsptarsp < pApt, + nymy & structural requirements must be developed.

Therefore, for a given repair, AFSD can retain a + A pathway connecting optimized AFSD repair
mass advantage over a riveted repair even when the performance to FAA relevant requirements remains to
AFSD patch thickness is equal to the riveted patch. be established.
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