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Achieve a long service life with the correct choice of material
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Product design 

Main focus Side focus

The best possible function

Good appearance

High reliability 

Corrosion resistance

Wear resistance

Fatigue resistance
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Product challenges 

Environmental changes

Aggressive environment imposes very high demands on materials

New combinations of materials

Source: Materials & Corrosion, Volume: 73, Issue: 11, Pages: 1730-1751, First published: 07 July 2022, DOI: (10.1002/maco.202213140) 

Example of a multi-material body-in-white, Alliance Project Horizon 2020.

New combinations of materials
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Product challenges 

Environmental changes

Aggressive environment imposes very high demands on materials

New combinations of materials

New type of designs

Source: https://www.metal-am.com/articles/metal-3d-printing-in-the-automotive-industry/

The EDAG Light Cocoon concept car showing the use of additively manufactured 
nodes combined with steel profiles in the NextGen spaceframe.
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Environmental changes

Environmental changes

Aggressive environment imposes very high demands on materials

New combinations of materials

Material costs

Effects of climate change on corrosion rates for two cities: Melbourne (left) 
and Brisbane (right) (Nguyen et al., 2013). 

Product challenges 
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Material costs

Environmental changes

Aggressive environment imposes very high demands on materials

New combinations of materials

Source: https://www.grandviewresearch.com/industry-analysis/corrosion-resistant-alloys-market

Product challenges 

mitigated with:

Value engineering

Material substitution

Design optimization
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New types of designs

Environmental changes

Aggressive environment imposes very high demands on materials

New combinations of materials

Material costs

Product challenges 
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Digital transformation isn’t important, it’s imperative

Intelligent corrosion tool concept

REQUIREMENTS

A computational database architecture: 
- storing and retrieving user-specified material properties and behavior,

- easy selection of material, corrosion mode, environment, and other user-definable contextual parameters. 

With the ability to gather key geometry and materials information from a component drawing file, reading Standard 
Triangle Language (STL)-based drawings designed in commercial CAD software. 

With the ability to read multiple CAD drawings, identifying materials and potential corrosion modes, automatically 
prepare model preprocessing files, and interface files.

Incorporating logic to evaluate drawings/designs against the corrosion risks depended on environment and material 
properties. 



Computer Aided Analysis:
a dry assistance in spotting corrosion risks when working on product 

design and material selection



Computer Aided Analysis approach
A dry concept of corrosion risk assessment 
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Environmental conditions

Water film thickness and electrolyte chemistry based on 
surrounding environment characteristics

Materials
User-tailored library with electrochemical 

data on material performance depended on 
corrosion environment 



Environmental conditions

Accelerated first guess of water film thickness based on environmental 
conditions and geometrical characteristics:

Electrical conductivity, oxygen diffusion coefficient and oxygen bulk 
concentration derived from environmental salinity concentration and 

temperature:

Film thickness Chemistry

11

Source: R.W. Serth, 11 - CONDENSERS, Editor(s): R.W. Serth, Process Heat Transfer, Academic Press, 
2007, Pages 539-628,
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Han, P. and Bartels, D. M. (1996). Temperature dependence of oxygen diffusion in H2O and D2O. 
The Journal of Physical Chemistry, 100(13), 5597-5602. 
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Computer Aided Analysis approach



• Raw polarization data • Decomposed curves (metal oxidation, oxygen reduction 
and hydrogen evolution) are required

Galvanic corrosion Atmospheric corrosion
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Computer Aided Analysis approach
Materials – electrochemical data 
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Computer Aided Analysis approach
Materials – electrochemical data 

• The Butler-Volmer expressions are mathematically expressed as:

• The theoretical limited current density can be calculated from:

Eq. 3

• The diffusion layer thickness can be introduced as:

Eq. 4

Atmospheric corrosion



Computer Aided Analysis approach
A dry concept of corrosion risk assessment 
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Solver

Component geometry

CAD models created in whatever 
CAD-tool

Electrical connections

Automatic detection of intersections 
between relevant body structures

Mesh

Automatic 3D FE mesh generation based on 
geometry, intersections and environmental 

conditions

Fast and robust solver for corrosion rates 
calculation
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Computer Aided Analysis approach
Automatic pre-processing

Film thickness information

Detection of inner dry volumes

Detection of dry surfacesMeshing of bodies assembly

Water film creation

Bodies assembly
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Computer Aided Analysis approach
Meshing step

User Defined 
with Sea waterUser DefinedCoastalLandConditions

0.1820.1820.1610.147Film thickness [mm]

335 779335 779341454343 838FE Mesh: # Nodes

961 653961 653985 640996 575FE Mesh: # Elements

-111112Meshing Time [min]*

-1.571.561.57RAM Consumption [GB]*

*Machine characteristics: Processor: 11th Gen Intel(R) Core(TM) i7-11850H @ 2.50GHz | Installed RAM:16.0 GB (15.7 GB usable)

Film mesh: Overview
Land condition

Film mesh: Section view

Internal dry volume(s)
automatically
identified and isolated
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Computer Aided Analysis approach
Water film definition

Water film thickness 0.1 mm Water film thickness 0.5 mm
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Computer Aided Analysis approach
Parameter definition



Computer Aided Analysis approach
A dry concept of corrosion risk assessment 
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Solver

Component geometry

CAD models created in whatever 
CAD-tool

Environmental conditions

Water film thickness and electrolyte chemistry based on 
surrounding environment characteristics

Materials

Electrical connections

Automatic detection of intersections 
between relevant body structures

Mesh

Automatic 3D FE mesh generation based on 
geometry, intersections and environmental 

conditions

Fast and robust solver for corrosion rates 
calculation

User-tailored library with electrochemical 
data on material performance depended on 

corrosion environment 
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A dry concept of corrosion risk assessment 
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Computer Aided Analysis approach
Logical evaluation of the corrosion risks

T6 brake (Al)

Crush limiter (Al)
Bolt 
(Zn coated steel)

washer (Zn 
coated steel)

13.5” mated
washer (Zn coated
steel)

Sleeve (Al)

Cradle (Mg)
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Computer Aided Analysis approach
Logical evaluation of the corrosion risks

Land User Defined

Coastal User Defined with sea water
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Computer Aided Analysis approach
Logical evaluation of the corrosion risks

User Defined with Sea Water

Dry Zones

0.182Film thickness [mm]

5Film Electrical Conductivity [S/m]



Computer Aided Analysis:
Audi A6 example
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Computer Aided Analysis approach
Multi-material body – Audi A6 door structure
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Computer Aided Analysis approach
Multi-material body – Audi A6 door structure

Simulation parameters:
• materials involved: Al, hot-dip galvanized steel, Zn coating (d = 100 mm)
• industrial environment – electrolyte conductivity 0.1 S/m, thin film thickness 80 mm
• average temperature – 25oC
• average humidity – moderate
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Computer Aided Analysis approach
Multi-material body – Audi A6 door structure

• Hot-dip galvanizing protects Steel cathodically: Zn is anodic to the
Steel base metal and is placed in the circuit to corrode in place of
the base metal.

• Zn will initially sacrifice itself until a protective layer of rust will
develop on Steel.

• Under atmospheric conditions of moderate humidity, contact
between a galvanized surface and Al is unlikely to cause
substantial incremental corrosion .
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Computer Aided Analysis approach
Multi-material body – Audi A6 door structure

Atmospheric corrosion simulation – 30 days          Atmospheric corrosion simulation – 365 days
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Takeaway no1

Right material in right placeChallenging Game Changers

Takeaway no2 Takeaway no3

Computer Aided Analysis in corrosion risk assessment at a design stage

Intelligent corrosion tool 
concepts

Source: Berg HuettenmaennMonatsh (2023), 168. Jg., Heft 1

Corrosion simulation Smart design

Source: Frank E. Goodwin, International Zinc Association
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