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Experimental Study on Wear Coefficient of Mooring Chain for Floating Offshore Structures
-Second Report: Elucidation of Wear Characteristics and Proposal of Wear Coefficient through Statistical Analysis-
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Koji Gotoh, Member

by Takaaki Takeuchi, Member
Tomoaki Utsunomiya, Member

Summary

In pursuit of a carbon-neutral society by the year 2050, floating offshore wind turbines (FOWTs) garner heightened expectations.
Mooring chains are commonly employed for the station-keeping of FOWTs; however, long-term use can cause failure attributable to
wear and corrosion. Among these, interlink wear caused by floating body motion can be estimated by dynamic analysis, but it is
important to accurately determine the wear characteristics in order to properly estimate the wear allowance. In this paper, an
additional 11 wear tests were conducted following the previously reported by using the heat-treated surfaces under fully submerged
conditions to investigate the effect on the wear amount by the characteristics of the wear test machine such as sliding range and
sliding direction. Since these were found to have little effect on the wear amount, a statistical reassessment of the wear coefficient
was performed including the previously reported results. As a result, it was found that the obtained wear coefficients conform to a

log-normal distribution, and a formula for wear estimation was proposed considering the observed variations.
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(a) Lower specimen

(b) Upper specimen

Fig. 2 Overview of specimens.

(a) Parallel (b) Perpendicular
Fig. 4 Orientation of lower specimen (dashed arrow) relative to

sliding direction (solid arrow).
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Table 1 Wear test conditions.

Applied |Rotational speed| Sliding range Total sliding Orientation of lower specimen
Test No. Ref.
esto Grade load [kN] [rpm] [mm] distance [m] relative to sliding direction ¢
1
2 4.9 100%3
3 R3 200x3
4 300x3
9.8
5
6
. 100x18
s 7.5 +20 Parallel [11]
300x6
9
10 R3S 4.9
600x3
11
12 100x5
13 200%5
14 3005
15
16 R3
17
7.5
18
19 R3S
4.9 +20 300%6 Parallel [12]
20
21
R3
22
11.25
23
R3S
24
25
26 +30
27 Parallel
28
R3S 4.9 7.5 +5 300%6
29
30 —
31 +20 Perpendicular
32
33
34 R3 4.9 7.5 +20 3006 Perpendicular
35
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(a) Perpendicular specimen
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(b) Longitudinal specimen
Fig. 5 Wear progression curve varying the sliding range for Grade
R3S.
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(a) Perpendicular specimen
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(b) Longitudinal specimen
Fig. 6 Wear progression curve varying the sliding direction of

lower specimen for Grade R3S.
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Sliding distance [m] —+—No. 35

(a) Perpendicular specimen
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Sliding distance [m] —+—No. 35

(b) Longitudinal specimen
Fig. 7 Wear progression curve varying the sliding direction of

lower specimen for Grade R3.
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Table 2 Wear coefficient calculated for each section.
Grade Test No. Applied Hardnezs Wear coefficient [ % 10'4]
load [kN] | [N/mn] 0 m~ 1800 m 0 m~ 300 m 300 m ~ 1800 m
1 0.436 0.402 0.442
2 4.9 0.224 0.293 0.206
3 2590 0.292 0.412 0.269
4 08 0.312 0.525 0.264
5 0.318 0.562 0.279
15 0.145 0.448 0.102
R3 16 0.121 0.420 0.082
17 0.206 0.307 0.187
21 0.069 0.213 0.048
22 9 210 0.076 0.210 0.057
33 0.131 0.416 0.091
34 0.194 0.432 0.169
35 0.147 0.275 0.129
Average 0.206 0.378 0.179
Standard deviation 0.104 0.106 0.109
Coefficient of variation 0.505 0.281 0.607
Standard error 0.029 0.029 0.030
6 0.257 0.474 0.228
7 0.317 0.490 0.301
8 0.238 0.524 0.183
9 0.410 0.668 0.368
10 3000 0.438 0.532 0.421
11 0.085 0.209 0.060
12 0.286 0.455 0.278
13 0.335 0.357 0.332
14 0.372 0.494 0.358
18 0.135 0.362 0.102
R3S 19 49 0.183 0.591 0.122
20 0.105 0.392 0.069
23 0.105 0.303 0.080
24 0.107 0.281 0.076
25 0.167 0.916 0.083
26 2940 0.107 0.382 0.073
27 0.142 0.319 0.120
28 0.218 0.363 0.196
29 0.204 0.329 0.190
30 0.194 0.923 0.101
31 0.113 0.423 0.076
32 0.208 0.348 0.185
Average 0.215 0.461 0.182
Standard deviation 0.103 0.179 0.111
Coefficient of variation 0.481 0.389 0.612
Standard error 0.022 0.038 0.024
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Table 3 Population parameters and fitting results for each distribution with the wear coefficient as the random variable.
Sliding log-normal distribution Rayleigh distribution Weibull distribution
distance [m] log-mean log-stfinfiard AlIC p-value scale AIC p-value shape scale AlIC p-value
deviation

0-1800 m -10.89 0.5049 -706.7 0.9573 1.664E-05 -706.3 0.9120 2.194 2.398E-05 -704.8 0.7854
0-300 m -10.12 0.3458 -679.1 0.9895 3.247E-05 -666.8 0.0657 2.732 4.827E-05 -670.6 0.5658
300-1800 m -11.11 0.6310 -706.8 0.6311 1.498E-05 -705.3 0.1472 1.745 2.043E-05 -704.5 0.4746

Table 4 Population parameters and fitting results for each distribution with the inverse of the wear coefficient as the random variable.

Sliding log-normal distribution Rayleigh distribution Weibull distribution
distance [m] log-mean log-stfinfiard AIC p-value scale AlIC p-value shape scale AlIC p-value
deviation
0-1800 m 10.89 0.5049 817.6 0.9573 35479 836.1 3.442.E-02 2.097 68964 821.5 0.6574
0-300 m 10.12 0.3458 737.1 0.9895 43024 802.1 3.239.E-13 3.063 29315 740.2 0.7997
300-1800 m 11.11 0.6310 849.0 0.6311 45283 878.1 3.098.E-03 1.766 91695 850.8 0.3667
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Empirical and theoretical dens.
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Fig. 8 Comparison of empirical and theoretical probability
densities and CDFs, Q-Q plot, and P-P plot.

Table 5 Wear coefficient obtained by log-normal distribution with

popular parameters estimated in Table 3 [x10].

90% cumulative
Expected value .
probability
0~1800 m 0.212 0.357
0~300 m 0.429 0.630
300~1800 m 0.182 0.335
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Fig. 9 Comparison of measured and estimated wear progression

curve.
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