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Abstract

The offshore structures exposed to harsh corrosive such as the marine environment is essential for the
quality management technique throughout the life cycle of initial design, construction and operation. Also,
it should satisfy the design life and ensure the safety of the substructure with optimization of design process.
This study focused on optimization of design condition for corrosion protection of wind turbine structure
and computational analyzing was performed to evaluate the performance of corrosion protection with utilizing
practical experimental data. We expect this analytical study contribute to improve the corrosion maintenance
stability and economical efficiency of designing wind turbine structures. As a result, the design of cathodic
protection system using sacrificial anodes required accurate identification of current density in order to meet
the long term design life, which can be seen that a change of structure surface’s coating breakdown factor
is one of the key influencing factors.
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Table 1. Parameters of coating breakdown factor per
year (after 15year)

Operation years | Case 1 (1.2%f./y) | Case 2 (2.4%f./y)
after 18 years 23.6 27.2
after 21 years 27.2 344
after 24 years 30.8 41.6
after 27 years 34.4 48.8
after 30 years 38 56

*The initial f, is 2%.
*f, rate is applied to the same as 1.2%/y up to 15years.
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Table 2. Detailed design conditions of sacrificial Al alloy anode (Type 1 & 2).

Design conditions Type 1 Type 2
Current density 220 mA/m’
Resistivity 30 ohm-cm
Anode utilization factor 0.9
Safety factor 1.3
Common -
Capacity of anode alloy 2,600 A-h/kg
E. (open circuit potential) —1,100 mVssce
E. (protective potential) —800 mVggcp
Seawater temperature 25°C
Design life of anode 20 years 30 years
Current requirement 51.06 A 7295 A
) Weight requirement 3,823 kg 8,192.9 kg
Difference -
Anode resistance 0.101 ohm 0.061 ohm
Anode current output 296 A 491 A
Number of anode required 34 ea 28 ea
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s Fig. 1. Comparison of Tafel trends for offshore site
M= anode total mass and Lab. test results (TB : test bed, CS : carbon steel,
*;,=required current density [mA/m’] EP : epoxy coat, PU : polyurethane coat).
*ta= design life of structure (or anode)
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Table 3. Specification of protective coating system

Subsequent coat Generic type NDFT [um]
1 Zinc rich epoxy 80
Epoxy coating | 2 | epoxy 200
3 epoxy 200
1 Zinc rich epoxy 80
Polyurethane 2 | epoxy 300
coating 3 | epoxy 300
4 | polyurethane 70
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Fig. 2. Potential profile of substructure for sacrificial anode type 1 & 2 up tp 15years with 1.2%f./y.
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Table 4. Results of time dependant analysis for substructure

Sacrificial anode design : Type 1 Sacrificial anode design : Type 2
operation time / f, Protective potential operation time / f, Protective potential
Initial / 2% —980.6 mV, Initial / 2% —1001.6 MV,
After 3Y / 5.6% —916.9 mV, After 3Y / 5.6% —944.4 mV,
After 6Y / 92% —877.7 mV, After 6Y / 9.2% —913.1 mV,
After 9Y / 12.8% —854.2 mV, After 9Y / 12.8% —885.6 MV,
After 12Y / 16.4% —836.5 mV, After 12Y / 16.4% —866.0 mV,
After 15Y / 20% —822.7 mV, After 15Y / 20% —847.9 mV,
840 300
286.TmA
822.TmA 277 AmA
=4 311.4mA prp—— 280
i -802.0mA
800 734 1mi 260
-787.1mA
780 -T78.4mA 240
760 220
740 200

15Y 18Y

1Y 24y 277 30Y

() Pprotection Potential

== Anode Current

(a) Potential and anode current

(b) under protection (after 30years)

Fig. 3. Potential profile of substructure after 15years with 1.2%f. (Anode type 1).
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Fig. 4. Potential profile of substructure after 15years with 2.4%f. (Anode type 1).
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