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The problem:  Environment severity monitoring needs and challenges

A solution: Standard processes for using corrosivity monitoring 
devices and data

An example: Case study in continuous environment and corrosivity 
monitoring

One result: Framework for severity classification with continuous data

Outline
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Need and challenges

Å Many industries continue to use and add complex material systems that are susceptible to atmospheric 
corrosion, so relevant environments need to be characterized to understand and predict corrosion 

performance

Ideal solution: efficient generation of standardized continuous environmental severity and corrosivity 
data for improved modeling of atmospheric corrosion and understanding of site severity

Sparseness of 
coupon data

Industrial or climatic 
long - term trends

Seasonal variation

Temperature change in the last 50 years

2011ï2021 average vs 1956ï1976 baseline

ī1.0 ī0.5 ī0.2 +0.2 +0.5 +1.0 +2.0 +4.0ÁC

ī1.8 ī0.9 ī0.4 +0.4 +0.9 +1.8 +3.6 +7.2ÁF
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Unique samples and 
exposure configurations 
result in siloed datasets

Valerie Everett on Wikimedia Commons

Cost of deployment and 
laboratory analysis
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Atmospheric environment severity solutions

Å Atmospheric environment and 
corrosivity monitoring sensors address 
some common severity monitoring 
challenges

Å More continuous data for short - term 
and long - term trend analysis

Å Can be standardized for collaboration

Å Decreased laboratory work and cost

AMPP community seeking to standardize 
methodology to reduce data silos and 
improve collaboration

Gas sniffers / 
nephelometers

Temp/RH data

Electrical resistance 
corrosion sensors

EIS- based corrosion 
sensors

Galvanic corrosion 
sensors

Climatic/weather 
data

UV light sensors

Time of wetness 
electrodes

Interdigitated 
electrode sensors
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Where we are
We have developed a device to continuously monitor environmental and corrosion parameters 

with a small footprint to easily deploy and monitor any corrosive atmospheric location

Air temperature & relative humidity

Conductance
ÅGold
Å20 mV peak - to - peak
Å10 Hz and 25 kHz
ÅConductance (µS)

Free corrosion rate
ÅSingle engineering alloy
ÅLinear polarization resistance
Å20 mV peak - to - peak, 0.5 Hz
ÅCurrent (µA)

Galvanic corrosion rate
ÅTwo dissimilar materials
ÅZero resistance ammeter
ÅCurrent (µA)
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How atmospheric corrosivity sensors have been used

Inform predictions of 
corrosion under 

atmospheric conditions1,2

Monitor accelerated 
corrosion test cycle 

conditions

Characterize on - asset 
environments3

Evaluate aerospace 
coating corrosion 

inhibition5

Understand 
environmental factors 

affecting corrosion rate4

Monitor shipboard 
environments6
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ÅChallenges have been identified in these use cases 
Ь some traditional challenges of data - centric 
solutions and some unique to corrosion sensing

Å Typical data - centric solution challenges:
Å Irrelevant data, needs cleaning

Å Large quantity of data, different formats
Å Data corruption
Å ˵̥̒̒ Ю̥̘̘̟̘̒̚Я ˠ ̞̖̥̥̒̒̒̕ ˠ ̣̖̠̣̔̕ ̡̜̖̖̟̘̚

ÅAdditional corrosivity sensor specific challenges
Å Finite sensing element life

Å Faulty sensor measurements
Å Interpretation of (novel) measurements, 

conclusions

Corrosivity sensor challenges

Finite life

Heavily corroded, exhausted 
sensing element (7075/CFRP)

Large, complex datasets

Tagging/metadata

Orientation
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The problem: Environment severity monitoring needs and challenges

A solution: Standard processes for using corrosivity monitoring devices and data

An example: Case study in continuous environment and corrosivity monitoring

One result: Framework for severity classification with continuous data

Outline
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Solution Ϯ environment and corrosivity data processes

ÅHow can we more efficiently generate continuous corrosivity data 
for understanding environment severity and managing corrosion?

ÅClearly - defined processes for environment and corrosivity data 
acquisition, review, analysis, and reporting

Å Standardized data and 
collaboration

Å Continuous data
Å Trends (long and short term)
Å Efficient deployment and 

analysis
Å Actionable conclusions and ESI

(1) Acquisition

Deployment conditions
Metadata / tagging

Design of experiment

(2) Review

Cleaning
Range constraints

Data-type constraints
Consistency

(3) Analysis

Time-based analysis
Aggregations

Statistics
Relationships

(4) Reporting

Relation to other datasets
Comparative conclusions

Metrics and insights
Severity indices
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A solution: Standard processes for using corrosivity monitoring devices and data
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(1) Corrosivity data acquisition

ÅConsider material selection

Å Environment severity and longevity

Å Available datasets for comparison

Å Relevant structural and galvanic materials

ÅConsider deployment

Å Conditions Ьorientations, durations, recording 
interval for comparison with available datasets

Å Preparation Ь sensor surface prep, shipment, 
mounting

ÅMetadata and tagging

Factor Levels # of levels

Location

¶ Daytona, FL Ocean
¶ Daytona, FL Intracoastal (IC)
¶ El Segundo, CA
¶ Whidbey Island, WA

4

Galvanic 
couple

¶ AA7075-T6/CFRP
¶ AA7075-T6/A286
¶ AA7075-T6/T-6Al-4V

3

Replicates 1, 2, 3 3

TOTAL
36 galvanic data 
streams

Design of experiment

Test name,  Device  Type, Serial  Number,  Galvanic  Alloys,  Free 
Corrosion  Alloy,  Data  Owner,  Data  Distribution,  Exposure  Type  
(On  Asset,  Outdoors,  Laboratory),  Asset  Type, Asset  Identifier,  
Position  on  Asset,  Exposure  Location,  Sheltered?  (Y/N),  
Orientation  (angle  above  horizontal),  Standard  Test Method,  
Coated?  (Y/N),  Pretreatment,  Primer,  Topcoat,  Exposure  Notes,  
Exposure  Start  Date .

Example details to record for device deployment 
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Case study Ь acquisition conditions

Galvanic corrosion 
couples

Å A286/AA7075

Å CFRP/AA7075

Å Ti- 6- 4/AA7075

Free corrosion

Å AA7075

Daytona, FL
Å Ocean
Å Intracoastal site (IC), 

800 meters inland

El Segundo, CA

Whidbey Island, WA

Locations Materials Overview

Corrosion Sensor 
Exposure Locations

2x

Location Start Date Available data

Daytona, FL (Ocean) 12/21/2021 12 months

Daytona, FL (Intracoastal) 12/21/2021 12 months

El Segundo, CA 01/11/2022 9 months

Whidbey Island, WA 04/29/2022 6 months

30° incline above horizontal
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(2) Corrosivity data review

Relevance / data trimming

ÅE.g., prior to and after the useful range of 
data

Erroneous data detection

Å Timestamp is out of sequence or clearly 
erroneous

Å Known faults:  E.g., Relative humidity and 
temperature sensor measurement is:  - 45 °C 
and 12% RH for the devices used in this test

Sensor longevity

E.g., exhaustion of corrosion sensing 
elements

Range constraints

E.g., any measurement that has a value 
outside of its specified operational range.

Consistency

Is this reasonable given coincident 
measurements or historic data?

The data needs to be reviewed and cleaned before any analysis steps occur

э˩ˡˡ˝ˡˡˡ ̞̖̤̦̣̖̞̖̟̥̒ ̣̖̠̣̤̔̕ ˙˨ ̞̖̤̦̣̖̞̖̟̥̤̒ ̟̚ ̖̙̒̔ ̣̖̠̣̔̕˚
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Sensor longevity

Data collected after sensor 
exhaustion must be removed

Corroding sensor elements 
have a finite lifetime

Total galvanic 
corrosion

Galvanic 
corrosion rate

How is exhaustion 
detected?

Heavily corroded, exhausted 
sensing element (7075/CFRP)

Sensor exhaustion is 
highly dependent on 
aggressiveness of the 

couple and environment
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