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* Galvanic corrosion in bolted joints

Potential solutions to the problem(s)

* Testing of different washer materials

Modelling galvanic corrosion
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+arins  Locus of attack

Bolt hole

e Somewhat different corrosion attacks in
the three cases

* Prevention may be different
Crevice

External



Bolt hole
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Not investigated in the project

Potential solutions
* Electrical insulation

* Preventingress of water in the bolthole

— Seal the openings
— Fill the bolthole with a sealant

* Coat the bolt
— Sleeves or pre-coated bolts

Bolt hole -



Crevice

Crevice

Potential solutions

e Electrically insulating Al from steel SR
. . . o S&mlﬁfe'—r' — Bi-metallic washer
* Bimetallic shims |
— The AI-SS crevice is eliminated by | e .
metallurgical bonding | | o
* Fill the crevice with a polymeric sealant L: BT i sswaser

 Aluminium shims and washers that can
be replaced when corroded




External
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Potential solutions
e Electrically insulating Al from steel
* Electrolytically insulating Al from steel

 Aluminium shims and washers that can
be replaced when corroded

Atmospheric -
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50 mm

/ M8

«~— 50mm ———»

Atmospheric corrosion test - modified ISO 11997-1*

Table A.1 — Test parameters for cycle A

Step TiITE TEmpr atare Condition Notes
1 2 3542 Salt spray - -
2 4 602 Dry: 20 % to 30 % RH = B
3 2 | 502 | Wet: 95 % RH or over —
i [Gobackiastepl. 'This makes a total cycle time of 8 h from step 1

‘to step 3.

s ia

“Transition time (i.e. time allowed to reach the
temperature and relative humidity specified for a
condition after changing to that condition):

'From salt spray to dry: within 30 min
'From dry to wet: within 15 min
From wet to salt spray: within 30 min

The effect of the salt spray will, in principle, be
instantaneous.

For details of drying-air flow, see (.4,

* Artificial seawater is used as spray solution instead of 5 % NaCl solution.
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Test matrix

-mm

O N O U1 A W N B

6082
6082
6082
6082
6082
6082
6082
6082

Ad
A4
A4
Ad
A4
Ad
Ad

A4

Titanium

Aluminium, 5052
Anodized 5005, @16 mm
Anodized 5005, @24 mm
Nylon, @16 mm

Nylon, @24 mm




narins. Weight loss on 6082 sample and washers

Galvanic corrosion on EN-AW 6082 around A4 bolt

B EN-AW 6082 panel

B \Washer
- i iﬁ ii i i
0,000 -

Ad A2 Titanium EN-AW Anodized Anodized Nylon 16 Nylon 24
5052 500516 500524 mm mm
mm mm

Washer material



Submerged, without cathodic protection
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narins Submerged, with CP

A4 Ti Nylon 16 mm Anodized 16 mm

Nylon 24 mm Anodized 24 mm




+arins  Bolted joints with double washers

Alloy Washer material

16 mm

Anodized aluminium 54

16 mm

Coated aluminium
24 mm

16 mm

Anodized aluminium 54

16 mm

Coated aluminium
24 mm
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e Corrosion on the panels

— Generally more corrosion on 5083 than 6082
— Less corrosion with large coated washers

 Corrosion on the washers

— The anodizing was crushed along the edge of the
A4 washers =» galvanic corrosion

— The coating was penetrated by the A4 washer on
some samples =» large differences between
parallels
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Anodized, 16 mm Anodized, 24 mm  Coated, 16 mm

W 5083 sample W Washer

6082

. N L

Anodized, 16 mm Anodized, 24 mm  Coated, 16 mm

W 6082 sample W Washer

-

Coated, 24 mm

[ |
Coated, 24 mm



3,_“24 rhm -anc_)dized wash.er 24 mm anodized washer

o e— i

Punched

.. h Ao i \
24 mm coated washer

5083, 16 mm anodized washer



Modelling Galvanic Corrosion
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warins Task (Corrosion Modelling)

Computational aided Design of bolted Al-steel

joints 10"
Requirements / Goal: LB
* Avoid (galvanic) corrosion on Al around the steel 10°F
* Avoid crevice corrosion between Al, washer, steel 107
* Mechanical strength limits the use of polymers €

for electrical insulation 3 10°
 Improve durability of the joint E
Options: s 10°
* Materials selection S
* Materials modification (e.g. treatments, coatings) 10
* Joint component system / Joining technology 10°
* Geometry and layout optimization (constructive | |

corrosion protection) 1000 -800 Potér?tci)aﬂ ) -400 -200
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routwasher(1)=0.008 m RH(6)=0.85 Corrosion current density [A/m?] el

Modelling - physics based

o

D=24 mm |

Parameter sweeps (RH, D vs. potential):
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Begenlargs ()

Bad design supports pitting corrosion: (Model vs. Experiment is somehow OK)

Pitting




Modelling - data based
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Step 1 Step 3
=== -~ o e - Pl it i— "\.\
;. NS Data preparati Inputs: o ; ~’\\ F4 \
I' ‘I ,: ata preparation -mens on - Corrosion descriptors :
1 Algorithm selection 11 . int desi * diameter 11 1
I P MarinAL Joint design | , componen( * Weather data I I 1
1 I 1 . . 11 ¢ 1
I [ related Elevation ] ]
I (I o * Shore distance | | :
: : : [ *  Electrolyte « Sea data i - = |
I Start the hybrid : I : H p :

1 ] - 2 -
1 optimization algorithm 11 . Electrochemical 1 @ . 1
P P 8 J i 1| Database + Material data (AL, A4, il : '
] b washer) 4 e U= 1
i P i S I
1 ..
: I Outputs: H :
! Initial solution by [ * Welght loss " |
! timization aleorith 1 Performance * Pitting density H Report the best i
| optimization algorithm | ;1\ * Time of initiation FA weights and biases )
N ',4" \\..., « Type VY Y.
b T P — - T 1 1 1 T e e e e e e e e ™ v e - — =
!,""' --------------------------------------------------------------------------------------- "'\\
I . |
I Weights Check H
: Update each position of @ j}::fj Evaluate the objective critical :
: the DNN/CNN models = e 6 function (RMSE) corrosion :
i » Biases R » criteria? !
] I
] I
! Update the new | NO ]
I\\ Step 2 position of variables J ,,'
C e eeererereecd S -

Proposed framework for the prediction and classification of
atmospheric corrosion in offshore aluminum-steel joints




narins Lessons learned

- Avoid an electric potential in the electrolyte film at Al more positive than E;.. (approx. +250 mV

pit:
vs. OCP for our system currently). |

- The washer diameter (16 vs. 24 mm) can lower the max. corrosion current by something like a
factor 2. Maximizing this effect requires passivity of the washer.

- The tangential current in the electrolyte film must be minimized. The salt concentration must
be lowered especially at the washer.

Design goal: Avoid conductive electrolyte film formation on the washer
» Suppress cathodic activity on the washer

Finally: How to manage at installations / infrastructures?




Step2: Optimization

o

Generate randomly the
initial population

l

Main operator of the
proposed optimization
algorithm

|

Non-dominated sorting
of the solutions and
forming the trade-off
diagram

~._;___1________'___________'_____,

Step 2: Simulation and Reliability analysis

Physical Model:
* Apply the optimal dimensions

* Calculate the objective costs and control
the constraints

Y

Multi-state system:

I. Generate random samples for uncertain
parameters based on their distributions

II. Obtain PDF of the total waiting time by
using the inverse Laplace transform

III. Obtain CDF of the total failure time
(waiting time to repair or replacement )

_____________ e

Calculate the Cost and
Time of Failure

i

”
,

(e.g., design cost and reliability or maintenance time).

Reliable industrial application

Step 1: Determine the distribution of datasets

o h‘
! 1
: Best fitting 1
P . 1
: Easy fit soltware Normal I
1
— —) LoeNormal
1| Databases og Yormal 1
: +  Weibull 1
1 ¢ LLete :
\ /
e o o e o o B B B T o o -
Full probabilistic
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enly ((i=1,2

1)

¥

characterization of components

ry

/\PDF
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analysis

%
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\

Digital Management- and Maintenance

system

Combing the models: Proposed framework for the reliability based
design optimization of offshore aluminum-steel joints
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