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Experimental Study on Wear Coefficient of Mooring Chain for Floating Offshore Structures

by Takaaki Murakami, Student Member
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Takaaki Takeuchi, Member
Koji Gotoh, Member

Summary

Floating wind turbine facilities installed in deep sea areas play an essential role in carbon dioxide emissions reduction. One of
the problems associated with the commercialization of these facilities is the maintenance cost for mooring chains. Therefore, it is
necessary to establish a quantitative wear evaluation method for mooring chains. Wear coefficient measured by wear tests is one of
the essential physical parameters to evaluate the wear performance of metals. The pin-on-disk wear test is generally performed for
obtaining wear coefficient. However, wear coefficient measured by this method had significant variation in our past study. Additionally,
it has difficulty to use the heat-treated surface of the mooring chain under high pressure in fully immersed wet condition. To reproduce
the actual situation, new wear test machine was designed and wear tests were implemented to validate the accuracy. As a result, it
is confirmed that the proposed wear test method is possible to obtain the wear coefficient with significantly small variation compared

with the conventional pin-on-disk wear test.
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Table 1 Wear coefficient in the air and substitute ocean water'?).

Wear coefficient (X 10™%)
Material
. In the substitute
Grade In the air
ocean water
Ave. 11 1.5
Max. 83 10
Grade R3
Min. 0.45 0.071
S.D. 20 2.0
Ave. 19 1.3
Max. 100 6.1
Grade R3S
Min. 0.3 0.14
S.D. 31 1.7
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Fig. 1 Overview of the wear test machine.
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Fig. 2 Overview of the slider-crank mechanism.

ARFZETlE, ABS Bk 12 THIE &7z Grade R3 B LY
Grade R3S @ 2 FEHOM B G, Fig. 3 IR T X 5 IT/REEH
DIATER Sy 0> HRRER T &80 0 1 U CEEFERBRIC AL L 72, 38R
F X Fig. 4 \OoRT FEERBR A, Fig 5 1O T EERBR O 2
DEIY AT HFECE UTRE - ]IEL, Zhbd 2 >ORER

RAHCERESE TV D, FERBA KNI ESERET 2.

Z O, EFEBICEOVRBRA BB RN T D720,
TEERBR A ICITF —# &> TWA. Fig. 6 ISR 7T & 51,
THERB T O X =TS T D F—F AKWICER Y T 5 Z

LT, RELZBRICRBR A DRENRNE DI LTS, Fig
TACTRRER T 2 3R & Lok T a3 R 1ok 35
O HAGICESER L b &2 HOCTERY 7.2 >oBR A %
FRIE LIk, AN Z R TR, AR AR KD
IR OHRIEILICIT DT, BEOFEMEK L LTS, Bk
o H BISCEREY = MNERETDHZ LT, [FIHE
I &0 R RERIC—E O EZ 5 L, BERERR A
BT 5. 7ok, MBRAICEMT M mEIL, AKIEZEY
ShUTRREECHFANIC e — RS X 0 #2170V, Bl L
2B RO LT,

204(mm)

== 360(mm) —™

é{ 60(mm)

Fig. 3 Overview of collecting point of specimen.
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Fig. 4 Overview of the lower specimen.
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Fig. 6 Overview of the keyway for tank and lower specimen.
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Fig. 7 Overview of installed specimens.
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Table 2 Test conditions for Wear Test 1 (Material Grade R3).

Rotational | Sliding

Grade | Test No. | Load (kN) speed distance
(rpm) (m)

1 100x 3

R3 2 4.9 7.5 200x 3

3 300x3

FEm R B34 2021 47 12 A
4
R3 9.8 7.5
5
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(b) Lower specimen
Fig. 8 Wear progression curves for each specimen

(Material Grade R3).
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Fig. 9 Wear surfaces for each specimen.
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Fig. 10 Total wear progression curves for two specimens

(Material Grade R3).
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Table 3 Test condition for Wear Test 2 (Material Grade R3S).

Rotational | Sliding
Grade | Test No. Load (kN) speed distance
(rpm) (m)
6
100x18
7
8
R3S 9 4.9 7.5 300x 6
10
600x 3
11
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(b) Lower specimen
Fig. 11 Wear progression curves for each specimen

(Material Grade R3S).
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Fig. 12 Total wear progression curves for two specimens

(Material Grade R3S).
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Fig. 13 Overview of engraving.
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Table 4 Test condition for Wear Test 3 (Material Grade R3S).

Rotational | Sliding

Grade | Test No. Load (kN) speed distance
(rpm) (m)

12 100 x 5

R3S 13 49 7.5 200 x 5

14 300x 5
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(b) Lower specimen
Fig. 14 Wear progression curves for each specimen

(Material Grade R3S).
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Fig. 15 Total wear progression curves for two specimens

(Material Grade R3S).
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Fig. 16 Overview of rust forming.

Table 5 Comparison of mass change between wear tests and

corrosion test.

Wear Mass change (g) Total
. Test mass
machine Grade

.. No. Upper | Lower change

condition
(8

6 0.588 0.651 1.239

7 0.708 0.771 1.479

Under R3S 8 0.507 0.667 1.174

Operated 9 0.777 1.226 2.003

10 0.804 1.271 2.075

Average 1.594

Without "1 p3g | 15 | 0.025 | 0.060 | 0.085
Operated

7. ERFRBORE
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Table 6 Wear coefficient.

Applied load AW /L Specific wear Hardness We?ar
Grade Test No. coefficient: K
(kN) (x10° g/mm) | (x10® mm?/N) (N/mm?)

(x10%)

1 4.9 0.620 1.61 0.417

2 4.9 0.333 0.865 0.224

R3 3 4.9 0.478 1.24 2590 0.322
4 9.8 1.10 1.43 0.370

5 9.8 1.09 1.42 0.367

Average 0.340

Standard deviation (S.D.) 0.073

6 4.9 0.380 0.989 0.297

7 4.9 0.426 1.11 0.332

8 4.9 0.393 1.02 0.306

9 4.9 0.589 1.53 0.459

R3S 10 4.9 0.582 1.51 3000 0.454
11 4.9 (0.271) (0.352) (0.106)

12 4.9 0.384 0.996 0.299

13 4.9 0.437 1.14 0.341

14 4.9 0.510 1.32 0.397

Average 0.363

Standard deviation (S.D.) 0.072

Test No.11 is excluded from sample.





