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Corrdesa

ÅEstablished 2011 ςcorrosion simulation

ÅGeorgia, USA, 30 mins from Atlanta airport

ÅStaff 7, 8 -ϧ ƎǊƻǿƛƴƎΧ

Å1/3 ς1/2 building devoted to lab/testing

ÅCAE design optimization ςCFD, cluster

ÅWe invest heavily in development & transition of electrochemical 
technologies and software

ÅFederal & commercial consultancy as coatings, materials, corrosion 
& REACH experts 
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Corrdesa ςTyrone GA
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Agenda

ÅCorrosion assessment needs in aerospace and defense (A&D)

ïWhere are we going and why?

ÅChanges in how A&D industry approaches corrosion assessment & risk

ÅIn view of these changes

ïPractical corrosion system design approach

ïDatabase

ïCorrosion Djinn for system-wide analysis

ïStar CCM+ for detailed analysis

ÅWrap-up summary
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Corrosion Analysis ςwhere we are going

Also K

Corrosion Djinn

Star CCM+
Analyze/fix high-risk areas

VOne  electrochemical 
database ςtwo tools
VUse Corrosion Djinn tool 

for aircraft-wide interface 
analysis, simple 
geometries and scoping 
during/after design
ÅTakes seconds/ 

interface
VUse 3D CAE for the 

difficult and critical areas
ÅTakes hours or days/ 

interface

Find hot spots

Fix hot spots
D
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http://www.navair.navy.mil/index.cfm?fuseaction=home.PhotoGalleryDetail&key=66EDCD7E-19B0-4B4E-AA4B-1F9B89548FA6
http://www.navy.mil/viewGallery.asp?id=29

In sustainment we see corrosion everywhere, especially wings.
Water penetrates, cadmium is lost from fasteners, and CFC wing 
panels galvanically corrode aluminum alloy airframe. 

Photo MC3 Matthew Riggs 

http://www.navair.navy.mil/index.cfm?fuseaction=home.PhotoGalleryDetail&key=66EDCD7E-19B0-4B4E-AA4B-1F9B89548FA6


Environment - Diurnal weather effects
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https://lunainc.com/wp-
content/uploads/2017/03/Luna-
Sensor-Suite-for-Aircraft-
Corrosion-Monitoring-
LS2A_4Page.pdf



Why is corrosion a big concern?

8https://youtu.be/Z0Jzb8dfcC4

USS Kitty Hawk in Sea 
of Japan during a storm

https://youtu.be/Z0Jzb8dfcC4


F-18 wing and airframe corrosion

NAVAIR Public Release SPR-2012-982
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Repair: Remove  corrosion and bush hole with PH 
stainless; now corrodes even faster around bushing, 
just as we predict computationally

Take the skin of an F-18 and this is what you see



All of these damaged holes require bushing repair
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ÅSome interfaces are 
quite simple but 
numerous
üe.g. bushings and 

fasteners throughout 
the aircraft

üBushing installation 
with Forcemate

https://youtu.be/TbmwKfIbMHo

https://youtu.be/TbmwKfIbMHo


Corrosion Problems Persist in New Platforms

ά¢ƘŜ Ǌƻƻǘ ŎŀǳǎŜ ƻŦ ǘƘƛǎ ǇǊƻōƭŜƳ ƭŀȅ 
within the galvanic couple between 
the conductive gap filler and 
ŀƭǳƳƛƴǳƳ ǎƪƛƴ ǇŀƴŜƭǎΦέ Daniel J Dunmire, 

Director, DoD Corrosion Policy and Oversight Office, reported in 
CorrdeDefense, Spring 2011, Vol7, Number 1

DoDAssesses Corrosion Potential on F-35 and F-22
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Lǘ ƛǎƴΩǘ Ƨǳǎǘ ƳƛƭƛǘŀǊȅ ŀƛǊŎǊŀŦǘ
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ÅFedEx: Landing gear collapsed during 
landing

ÅWing dragged along ground and fuel 
ignited

ÅCause was stress corrosion cracking in 
landing gear

https://www.youtube.com/watch?v=qlW_oqqapEc

https://www.youtube.com/watch?v=qlW_oqqapEc


Cost ω$20.9bn

Safety

Readiness
ω25 days 

unavailable

The Corrosion Problem
80% of structural failures stem from  corrosion pits ςprimarily galvanic corrosion

Annually

13

To make matters worse 
we are now
üLightweightingwith 

incompatible materials 
(CFCs, Al, Mg)

üAnd we can no longer 
use the old but 
effective standbys (Cd, 
Chromates, etc.)

üSo, we can no longer 
use the same 
outdated rule-of-
thumb design 
methods

A recent study shows that the US economy has spent over 
$250 billion in repairing corrosion damage as a direct cost each 
year since 2002; an estimated $1 trillion of direct and indirect 
cost each year.



Corrosion Resistant Design Philosophy

ÅCoatings/materials ALWAYS degrade and become damaged
ÅLǘ ƛǎ Ǿƛǘŀƭ ǘƻ ƭƻƻƪ ŀǘ ΨǿƘŀǘ-ƛŦΩ ǎŎŜƴŀǊƛƻǎΣ ŀǎǎǳƳŜ ŦŀƛƭǳǊŜ ƻŦ ǎƻƳŜ 

part of the coating stack-up and see what ensues
ÅWe can no longer use wonderful cadmium and chromates, so 
ǿŜ ƘŀǾŜ ǘƻ ƛƳǇƭŜƳŜƴǘ ƴŜǿ ŎƻŀǘƛƴƎ ƻǇǘƛƻƴǎΧ ǉǳƛŎƪƭȅ
ÅNew acquisitions demand a Corrosion Prevention Control Plan 
ςwith substantiating analysis
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Computational modeling helps to
address all of these issues



DoD is increasing emphasis on corrosion

ÅCorrosion executives

ïCongressionally mandated DoD Corrosion Office

ïEach  service has a Corrosion Executive

ïCost of corrosion analyzed annually

ÅCorrosion Prevention Advisory Boards for all new systems

ÅNew corrosion test methods under development for better corrosion 
prediction

ÅOffice of Naval Research Sea-Based-Aviation program developing 
computational methods for corrosion analysis and prediction to develop 
ά5ǳǊŀōƭŜ !ƛǊŎǊŀŦǘέ
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Materials changes

ÅEuropean REACH and RoHS 
environmental regulations

ïCan no longer use cadmium and 
chromates for corrosion control

ïAffects the entire worldwide 
industry

ÅUse of new materials

ïCarbon fiber composite skins on 
aluminum and titanium airframes
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DoD approach to galvanic corrosion is changing

Al Alloys

Stainless
Steels

Titanium

Based on ɲE, stainless steels (SS) are a 
better material choice than titanium 
when coupled to Al7075. But, SS result 
almost an order of magnitude higher 
galvanic current.

Source: NAVAIR- Rodriguez-Santiago. V, Safigan. A (2018) Galvanic 
Compatibility Assessment: New Methodology and Standardization
ASETS Defense, Denver, CO.

Ti-6Al-4V SS 316 SS 316

Ti-6Al-4V

Al 2024



Update to MIL-STD-889
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Aim to issue next version end of 2019 



What does an updated MIL-STD-889 mean for A&D?
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MIL-STD-889C (August 2016):

άΧΧΧΦ ǘƘŜ ώŎƻǊǊƻǎƛƻƴϐ ǊŜŀŎǘƛƻƴ ƛǎ ƴƻǘ ŎƻƴǘǊƻƭƭŜŘ ǎƻƭŜƭȅ ōȅ 
difference of potential. The reaction is controlled by 
polarization of the anode, the cathode or both, and by the 
ǊŜǎǳƭǘŀƴǘ ƎŀƭǾŀƴƛŎ ŎǳǊǊŜƴǘ ŦƭƻǿΦέMIL-STD-889D (~2020-21?):

NAVAIR intends that this  version will refer people to 
methods of calculating corrosion currents between 
materials, including the mixed potential method 
(used in Corrosion Djinn)

MIL-STD-889 is the standard required of all military aircraft acquisition programs and the old galvanic table approach is 
used throughout the industry. This will change all aircraft design and we need to be ready to offer design solutions

Corrdesa is involved in this update as we are part of the 
SBA Team, concentrating on galvanic corrosion modeling

MIL-STD-889C (~late 2019):

Will include some kind of galvanic current table 
between a presumably limited number of materials



Siemens Teamcenter - PLM

ÅThe use of Product Life Management software is growing

ïNavy and Air Force organizations are beginning to implement 
Teamcenter

ÅIf aircraft designers and maintainers are to successfully 
introduce and use new materials, new coatings, and new 
methods of making material choices, they must have access 
to the necessary data and corrosion analysis methods in their 
design and PLM software
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Leveraging change

ÅThe aim of the SBA program is to implement corrosion modeling and 
prediction firmly as an essential part of design, like stress analysis, 
thermal analysis, etc.

ÅCorrdesa has assembled the elements necessary for accurate analysis:

ïDatabaseςan accepted electrochemical database equivalent to MMPDS

ÅIncluding a standardized methodology for data acquisition and reduction

ïA quick and easy way of analyzing corrosion threats throughout the aircraft

ÅSuitable for use by the designer

ïAn accurate and consistent methodology for detailed analysis that includes 
electrochemical modeling of corrosion with CFD modeling of the electrolyte

ÅUsed for complex components and exposure scenarios
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How can we tackle this problem?
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Corrdesa is beginning a USAF program to 
apply corrosion analysis to new tankers
ü ~70,000 interfaces in airframe
ü How many in all the systems?
ü How many are problematic?
ü How do you even find them all?
ü PLM can identify the locations and 

materials of all the interfaces, 
bushings, fasteners etc.

ü It would take far too long to analyze 
all those interfaces with CAE
ü.ǳǘ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ǘƻ
ü The same interface repeats 

thousands of times
ü 80-90% are common/simple items 

handled by Corrosion Djinn
ü The complex ones need Star CCM+



Computational corrosion analysis ςdatabase

We use computer simulations throughout the design process:
ÅStress analysis

ÅThermal analysis

ÅFluid flow analysis (CFD)

ÅCombustion analysis

Why do we not use corrosion simulation?

1. Modeling and simulation is not yet firmly established

2. Most importantly, there is no recognized electrochemical 
database of electrochemical data

24test



ά/ƻǊǊƻǎƛƻƴ aat5{έ

ÅCorrdesa has assembled an 
accurate, consistent, curated 
database of polarization curves 
and other electrochemical data 
using accepted Best Practices 
developed with the SBA Team

ïWill include all NAVAIR aerospace 
data 

ïData for materials used by other 
industries
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Best Practices for Polarization data Acquisition

ÅFor this to work the underlying data 
MUST be acquired in a consistent way

ÅCorrdesa has worked with ONR and 
NAVAIR to develop the Best Practices 
for polarization data acquisition

ÅModified to create the Best Practices 
used for an international Round Robin 
to validate the methodology

ÅDatabase built only on data meeting 
Best Practices requirements
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Constantly growing database
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Currently ~70 materials, 
coatings, finishes. More 
being added all the time



Approach being developed by Boeing

28

Kristen Williams, Boeing
ASETSDefenseWorkshop 
2018



Corrdesa corrosion analysis engineering workflow

Also K

Corrosion Djinn

Star CCM+
Analyze/fix high-risk areas

VOne  electrochemical 
database ςtwo tools
VUse Corrosion Djinn tool 

for aircraft-wide interface 
analysis, simple 
geometries and scoping 
during/after design
ÅTakes seconds/ 

interface
VReserve 3D CAE for the 

difficult and critical areas
ÅTakes hours or days/ 

interface

Find hot spots

Fix hot spots

D
a
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Polarization curves ςcurve crossing
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Evans Diagram
(GS Frankel Corrosion Kinetics)

Based on the well-established mixed potential 
principle
By charge conservation: 
to avoid the accumulation of charge on a freely-
immersed electrode, the sum of all of the 
oxidation currents must equal the sum of all of 
the reduction currents

So at our metal interface, we will reach a mixed 
potential between the material OCPs and this 
crossing point will define the corrosion current

Djinn comprises a database of material 
polarization curves, each measured against a 
single reference (SCE) and when the user 
chooses the materials the respect anodic and 
cathodic components are intersected to 
calculate the corrosion current

This is how we 
evaluate large 
numbers of simple 
interfaces

Computerized as 
Corrosion Djinn with 
our database it takes a 
few seconds to analyze 
a galvanic couple, and a 
few minutes to identify 
optimal materials or 
coatings
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Corrosion DjinnQuick Demo

http://www.corrosiondjinn.com/


Summary of galvanic couple
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Identifies anodic and cathodic materials
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Reports Open Circuit Potentials (OCP)
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Reports potential difference
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Reports self corrosion rates
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Self-corrosion is what 
happens in the 
absence of galvanic 
interactions



Reports galvanic corrosion rate
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Despite low self-corrosion, 
galvanic couple accelerates
the corrosion



When complexity demands 3D CAE

Leading Edge 
Flap Actutation

System



ÅOn average, over 2,400,000 
fasteners are used to assemble 
a single Boeing 787 aircraft.

Å1500 fasteners in forward 
fuselage, 3000 in each wing 
for F-35

ÅRotary Gear Actuators (RGAs) 
for leading-edge flaps

ÅEven bushings and fasteners ς
thousands in every aircraft

http://www.compositesworld.com/articles/skinning-the-f-35-fighter

When complexity demands 3D CAE

http://www.compositesworld.com/articles/skinning-the-f-35-fighter


Galvanic corrosion prediction workflow

Define the problem

Acquire the assembly 
geometry

Define the assembly 
materials/finishes

Define environment & 
electrochemistry

Build the galvanic model

Evaluate design options
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Impact of electrolyte thickness
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3D CAE model ςuncoated lug/bushing

J(mA/m2)

Corrosion 
Rate
Bulk
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Statement A - Approved for public release; distribution is unlimited.

Corrosion 
Rate
50µm

CASE Corrosion Current 
(µA)

Bulk polarization data 1

50 µm film polarization data 89



Compare the options

Results shown in order of 
reduced corrosion 
current.

Note: The total corrosion 
current, and therefore 
relative order of the 
coating and treatment 
options is the same for 
curve crossing analysis 
and 3D CAE. 

3D CAE also gives the 
corrosion pattern and 
therefore the corrosion 
current density at the 
interface 
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VV&A? - NAVAIR Galvanic Coupons
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Reality

Prediction

Ti SS Ti SS



ASTM B117 vs Fielded Coupons
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½Φ CŜƴƎΣ DΦ!Φ CǊŀƴƪŜƭΣ ²ΦIΦ !ōōƻǘǘΣ /Φ!Φ aŀǘȊŘƻǊŦΣ άDŀƭǾŀƴƛŎ !ǘǘŀŎƪ ƻŦ /ƻŀǘŜŘ 
!ƭ !ƭƭƻȅ tŀƴŜƭǎ [ŀōƻǊŀǘƻǊȅ ŀƴŘ CƛŜƭŘ 9ȄǇƻǎǳǊŜέΣ Corrosion72 (2016); p. 342.


