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Context
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Testing (oo long)

« Actual fielding - qualitatively, takes years, no conftrol, little
measurement/sensors

« Beach front— months, different month to month

Quicker Options (not realistic)
Accelerated aging: Cyclic and Constant

Salt Fog Test ASTM B117

*ASTM G85, A2, A3, A5. Standard Practice for Modified Salt Spray (Fog)
Testing

*ASTM D1735: Standard Practice for Testing Water Resistance of Coatings
Using Water Fog Apparatus

*GM9540/GMW 17872 Accelerated Corrosion Test

*SAE J2334: Laboratory cyclic Corrosion Test

o|SO 9227 Corrosion Tests in artificial atmospheres-Salt Spray Tests

‘NACE SP108: Corrosion Control of Offshore Structures by Protective
Coatings



Context

1.068B Cell WMLES
AWS ParallelCluster

Aurora Supercomputer -2023 High AoA configuration (CFD)
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Solution

We need computers and computational models !

We have access to computational frameworks, i.e: CFD
We have numerical models (electrodynamics potential models).
Commercial software have gone through infense V&V.

« The challenge for CFD modeling is the boundary conditions = DATA !

In other words, (mathematically speaking)

2+2+2+2=6

Not quite right, but almost there !
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Solution

Why is it not 8 ?

1. Numerical models are useful but not perfect
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Solution

Why is it not 8 ?

1. Numerical models are useful but not perfect

Simulation €-> Experiment mutual verification

Modeling complexity increases due to 2|« . . e -
multiple corrosion mechanisms: o 25 | S
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Integrated computation of corrosion, a construct used to illustrate the multiscale modelling and
experimental verification?
1.- Dong, Chaofang, et al. "Integrated computation of corrosion: Modelling, simulation and applications." Corrosion Communications 2 (2021): 8-23. 6
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Solution

Why is it not 8 ?

1. Uncertainty in data and conditions

Temp (°C) & RH (%)
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Environment — Diurnal weather effects?

2.- https://lunainc.com/wp-content/uploads/2017/03/Luna-Sensor-Suite-for-Aircraft-Corrosion-Monitoring-LS2A_4Page.pdf
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Solution

How do we make it close to 8 ?

1. We accept that models are not perfect but they are useful.

In other words, (mathematically speaking)

2+2(?)+2+2=6

2. We make it close to 8 by leveraging ACCURATE DATA
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Solution

w Corrosion Modeling Interface v1.0

Project Name Project Name
Geometry Type | 03_Laploint_Bolted ~
CAD Director Browse
Design Parameters
Length-01 3.0in Thick-01 0.09in
Length-02 3lain Thick-02 025in
Length-03 1.125in Thick-03 ao0lin
Overlap 1.0 Lap-03-01 0.06in
Width 1000 8olt Dia 0375in
o o5 Bolt Top Height 10,0625 in Fluid Bomain Type OBUK @ FLUIDFILM
Fluid Film Thickness 0.1 mm
Washer 0D 0.45in Washer Thick ~ 0.015in
Gunk OD 0.0 mm Gunk Thick 0.0 mm
[ Material-01
Bush 0D 0.0 mm Bush ID 0omm Name Skin (CFC Composite)
) o Polarization Curve posite-Preprag-None-Outer Surface Unsanded csv
Bush Flange Thick 0.0 mm Bush Flange Dia (0.0 mm
Material-D;
. Name Frame (7150 Aluminum)
Curve Crossing (1D)
Material-03-

. Name Bolts (174 55)

Templates
3D CFD

Current Density [A/m?]

1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03
0.5

thin films

4]

y

-0.5 :
3
£
]

-1 E

bulk conditions
-1.5

: Electrochemical
Curve Crossing (1D) DOT?\EE?D?%S:DCI on Full 3D CFD

Corrosion Djinn 9
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Solution

How close are we from 8 ?

Experimental @ 28 days CFD @ 28 days &
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- E § '5 PR | Ml TSR DR SN UP I | grg L gy g g By
N = E i 2 0.0035 0.004 0.0045 0.005 0.0055 0.006
) - 8
of § 8 = 4000 e Experimental Data
i g o ~ Uniform thin film, thin polarization
8 £ : ~————Uniform thin film, bulk polarization
i g = Variable film, variable polarization
P = : il Variable film, variable polarization (Quasi-steady)
8 g -5000
1 l L 1 1 1 l 1 L 1 L l 1 1 1 L l L 1 1 1 . 1 Il 1 1 l 1

0.005 0.01 0.015 0.02 0.025 0.03
Distance from Interface (m)

Total Volume loss (experiment) = 239 mm3
Total Volume loss (model) = 261 mm?3
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Solution

2+2+2+2=7.287

Ni-Al-Bronze C63000
bushing

CR_Lug (microns/yr)

CR_Bushing (micronsfyr)

CR_Skin (CFC Composite) (microns/yr) CR_Frame (7150 Aluminum) (micronslyr) R
407.52
o020 CFC corrodes AL 7050,
244pm/year
326.02
244.52
163.01
81.506
No Al corrosion around Ti6Al4V bolts
0.0000 CR_Bolts (Ti6AI4V with Corbant 27) (microns/yr) 0.0017371 Bushing corrodes Al 7050,
oz 0.0000 0.0000
w z 354um/year 0.0000
= »
CR_Skin (CFC Composite) (micronslyr) CR_Frame (7150 Aluminum) (microns/yr) IR
o) CFC corrodes AL 7050, jeags Ni-Al Bgon;? 63000
400um/year CR_Lug (micronsiyr) i CR_Bushing (micronsfyr)
0.0000
537.43
403.08
268.72
134.36
Al corrosion around 17-4 PH SS bolts
0.0000 CR_Bolts (17-4 SS) (micronsiyr) 0.0000
74 0.0000 0.0000
x Y
bess Bushing corrodes Al 7050,
' 383um/year X |
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Solution

2+2+2+2=7.287

We don’'t know, but we are close
enough to make decisions that
will save billions of dollars in the
early design stage!
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Solution

2+2+2+2=7287
Close enough to make informed decisions

(2) Steel with Al-Si coating (Al2024 Clad)

(1) Hot-Dip Galvanized Steel G90 Bare
Bulk

Goal:
Determine the areas with higher
corrosion rate

e (5) Hot-Dip Galvanized
Steel G90 Bare Bulk

(7) Hot-Dip Galvanized Steel (6) AI5052-H32 Bare Bulk

(3) Al6013 Bare Bulk — G90 Bare Bulk

(4) Hot-Dip Galvanized Steel
G90 Bare Bulk

13
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Solution

2+2+2+2=7287?
Close enough to make informed decisions

(2) Steel with Al-Si coating (Al2024 Clad)

(1) Hot-Dip Galvanized Steel G90 Bare
Bulk

(5) Hot-Dip Galvanized
Steel G90 Bare Bulk

(7) Hot-Dip Galvanized Steel (6) AI5052-N32 Bare Bulk

G90 Bare Bulk

(3) Al6013 Bare’Bulk

(4) Hot-Dip Galvanized Steel
G90 Bare Bulk

Legend:

Red = High corrosion rate

Blue = Low corrosion rate
Yellow = Medium Corrosion rate
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Conclusion

1. Numerical Models are not perfect, but they are good enough to make informed decisions.
2. Datais crucial since it is the boundary condition for your mathematical problem.
3. We developed different solutions for various specialties.

4. With current computational workflows, you can test multiple materials, coatings, paints, etc, in hours,
not months or years.

5. This can be integrated into PLM solutions, connecting your solution to multidisciplinary teams in the
early stages of engineering projects.

15
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