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Background Information

SBIR Contract (year 3 of a 3-year effort)
Stakeholders:
Government:

Industry:

Others:



ACES Objectives

« Fully Functional Vehicle Corrosion Prediction
Simulation Code

« Simulate Coating & Corrosion Performance in
Various Scenarios

« Forecast & Display Deterioration of Vehicle System
over Time



Accelerated Corrosion Durability Test




Why do we need a Simulator?

® Unknown
B Process

W Design

Fastener - Materials Paint  Sealant Unknown Water
Materials




Full Scale Vehicle Corrosion S&M

 Non-existent for Corrosion Predictions
* Design fixes must wait for ACDRT
« ACDRT is



Advantages of a Simulation Tool?

« Advanced Insight into Potential Problems
 Reduce ACDRT

« Knowledge Retention:

* In 3-years = New Hire Graduate Engineer

s Continues to learn and get smarter (if Taught!)

s+ Never Retires



Army Materials & USMC Goals

* Determine Compliance of the Design with Contractual
Requirements

« Validate that the Design will achieve the desired Service
Life



Army S&M Goals

Armor Impact Methodology Development End-to-End
Modeling & Simulation

Provide Engineering-level & Physics-based Models of
Corrosion Degradation to support:

Probability Distribution showing likelihood to Failure



Industry Goals

Acquire a simulation tool for use In:

. Fast review of Corrosion Vulnerabilities in New
Designs

 Assist in Designing Corrosion Tests
« Evaluation of New Technology



Expected ACES Outcomes

Specify/Select Optimal Design/Materials during
Design/Fabrication of New Vehicles

Define Maintenance Intervals based on expected
Performance

More Accurate Budget for Coating Repair/ Replacement

Possible Elimination or Reduction of Full System
Corrosion Testing

Perform “What-if” Analysis on Different Scenarios
Shorten Product Development Cycle Time
Realistic Simulation of Corrosion Deterioration over Time



Outputs and Measures Y;

10 12 14

« Sensitivity Analysis
* Advisory Capability



Colorization of HMMWYV Model
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ACES Architecture
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BASE REASONING MODULE
(RULES, METHODS, Y = (X))
MODELS,
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FACILITY
DATA MINING USER
INTERFACE

FIELD DBs

WORKING
MEMORY
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CAD/CAE
SYSTEM
L
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Geometry Is Key

* Import from CAD/CAE via STEP-AP214/203

 Other needed data

« Geometry Display and Manipulation



Models have Great Detall
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Geometry Analyzer

« Advanced Feature Recognition Software to find
Crevices, Entrapment Areas, etc:

* “Follow the Water” (Water Intrusion/ Drainage)



Modeling Approach

« Dimensions, X
 Measures, Y,
* Methods, f«




Inputs and Dimensions X

Geometry and Design

Lap Joints

Welds

Fasteners
Crevices
Entrapment Areas
Water Intrusion

Drainage
Shielding
Hermetic Seals
Galvanic Coupling
Area Ratio




Geometry and Design

Lap Joints

Welds

Fasteners
Crevices
Entrapment Areas
Water Intrusion

Drainage
Shielding
Hermetic Seals
Galvanic Coupling
Area Ratio

Environment

Humidity
Salt Spray
Mud

Fording

Dry Off
Temperature
UV Exposure
Vibration
Shock

Stone Pecking
Driving Miles
Driving Terrain

Inputs and Dimensions X

Maintenance
Activities
Wash
Dry
Lubricate
Exercise Joints



Inputs and Dimensions X

Geometry and Design

Maintenance Materials
Activities

Lap Joints

Welds

Fasteners

Crevices
Entrapment Areas
Water Intrusion
Drainage
Shielding
Hermetic Seals
Galvanic Coupling
Area Ratio

Humidity
Salt Spray
Mud

Fording

Dry Off
Temperature
UV Exposure
Vibration
Shock

Stone Pecking
Driving Miles
Driving Terrain

Wash

Dry

Lubricate
Exercise Joints

Metals and Alloys
Metal Matrix
Composites
Cermets
Non-Metals
Plastics
Rubbers

Glass

Ceramics
Composites
Coating Systems
Organic
Inorganic
Ceramic




Inputs and Dimensions X

Metals and Alloys Properties Metal Matrix Composites

Method of Manufacture
Heat Treatment

Coating Systems Properties
General Material Properties

Thermal Properties _
Surface Tension thcdkness

ardness
Strength - et
Permeability

. Ductility
Adhesion Abrasion Resistance

Integrity ﬁ Temperature Resistance

Holidays Corrosion Resistance
Porosity Passive or Active/Noble
Edge Coverage Specific Resistance to
Hardness Eight Forms of
Impact Resistance Corrosion
Stone Pecking Resistance
UV Resistance Composites (Non-Metallic)
Undercutting Resistance
Cracking Resistance
Chemical Resistance
Filiform Corrosion Resistance

Rubbers




Models and Methods f,

Artificial Intelligence
SEVWES ERNENTIES
Rule-based Systems

Statistics

Markov Chains
Turnbull / Weibull



Corrosion Modeling Emphasis

 General Corrosion
 Galvanic Corrosion
 Crevice Corrosion



Status to Date

General Architecture Design

General Modeling Requirements

Galvanic Corrosion Modeling (CES)
Geometry Import, Viewing and Manipulation
Geometry Analyzer Feature Recognition
Computational Requirements: HPU/GPU



Original (10-year ACT) Design

E-coat/CARC Die Cast Zinc T-Handle

N\

Carbon Steel Dish

CS Panel -jﬂ

CS T-Washer
E-coat/CARC — Cadmium Plated Bolt




Galvanic Corrosion Predictions

Interacting Components

Original (10-year ACT) Design

Unacceptability Corroding Part

10 yr ACDRT

Flag
Color

Green

Yellow

é

- T
Qualitative Level of Unacceptable
Assessment Galvanic Corrosion




Test Results 10 yr ACDRT

T-handle Lateh, Flush (panel
STowage surside F rent ) 1 1/27/9 &
STage 3 Trwm CT-E000325



