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Feasible Region Study on Main Dimensions of CALM Buoys

SUN Qiang'?, PENG Dongsheng’, ZHANG Yiming’, DONG Qinghui’,
YUE Qianjin', WU Feng', YANJun', ZHONG Wanxie'
(1. Faculty of Vehicle Engineering and Mechanics, Dalian University of Technology,
Dalian, Liaoning 116023, P.R.China;
2. Dalian Shipbuilding Industry Engineering and Research Institute Co. , Ltd. , Dalian, Liaoning 116005, P.R.China )
(Contributed by ZHONG Wanxie, M. AMM Editorial Board)

Abstract: To design reasonable main dimensions of catenary anchor leg mooring (CALM) buoys, 5 main design
requirements were summarized. Based on practical engineering experiences, the mother model estimation method was
established against the buoy weight. The reserve buoyancy was discussed, and the equal freeboard scheme set was
proposed. The free floating stability of buoys was discussed based on the statics principle. Dynamic responses of buoys
were discussed base on hydrodynamics, with the heave and roll characteristic vs. CALM buoy diameters presented. With

the upper and lower limits on buoy diameters under 25 m and 100 m water depths as the boundary, a feasible region was
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built up. Its accuracy was verified in the actual engineer case under the 3 environmental conditions and by reference to the
theoretical CALM buoy diameter feasible region under the 45 m water depth. The results show that, different factors, such
as the environmental conditions, the mooring chain weight and others can influence the feasible region of buoy diameters,
even under the same water depth. A deviation margin of the feasible region should be further considered in practical
application. The study of the feasible region has a positive guiding significance to the determination of the main dimensions
of CALM buoys.

Key words: CALM buoy; main dimension; feasible region
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Fig. 1 Catenary anchor leg mooring system
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Fig.2 The CALM buoy freeboard
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Table 1 Environmental conditions

project 1 project 2 project 3
parameter unit - — — - — — - — —
operating condition standalone condition operating condition standalone condition operating condition standalone condition
H, m 2.5 6 2.6 39 3 13
Ty s 7.1 10.3 7.5 8.5 9.2 14.7
Vw m/s 17.1 28.3 22 26 23.6 41.6
Ve m/s 1.2 1.73 0.7 0.8 1.22 2.1

®2 MRS

Table 2 Tanker parameters

parameter unit full loading ballast
T m 22.6 9.937
A kg 3.671 2E+8 1.438 3E+8
Xeog m 170.18 171.04
Yeog m 0 0
Zeog m 17.3 11.62
Lix kg-m’ 8.26E+10 6.564E+10
Ly kg'm’ 2.35E+12 9.53E+11

I, kg'm’ 2.35E+12 9.53E+11
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Table 3 Buoy depths with equal freeboards

buoy depth with equal freeboard Wgg/m
D/m

Wp=25m Wp=45 m Wp=100 m
10 6.44 7.16 13.62
11 5.71 6.29 11.85
12 5.30 5.67 10.54
13 4.95 5.21 9.55
14 4.69 4.85 8.76
15 4.48 4.57 8.14
16 4.31 434 7.63
17 4.17 4.15 7.20
18 4.05 3.99 6.85
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BEXIER 3 B RS TR BRI S, WIHR4s A A ELO AR O o, B ORTE (2) A9 H 4 4L
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Table 4 Buoy initial metacentric heights

buoy initial metacentric height Hgz;/m

D/m
Wp=25m Wp=45 m Wp=100 m
10 —0.51 -1.66 -5.17
11 0.38 —-0.70 -3.89
12 1.37 0.36 -2.70
13 2.48 1.57 —-1.55
14 3.72 2.93 —0.38
15 5.07 4.47 0.83
16 5.65 6.21 2.10
17 8.18 8.14 3.43
18 9.93 10.29 4.85
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Fig. 6 The CALM buoy hydrodynamic model
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Table 5 Buoy roll natural periods

buoy roll natural period Ty/s
D/m

Wp=25m Wp=45 m Wp=100 m
10 - - -
11 14.97 - -
12 8.42 17.10 -
13 6.85 8.70 -
14 6.13 6.95 -
15 5.76 6.17 15.26
16 5.50 5.71 9.48
17 5.38 5.45 7.85
18 5.29 5.27 6.82
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KT, IR EARTEE N 14.22~16 m.

PL 25 m KA 100 m /K BR T VR ELARTE B B R A, 9 E 25~100 m /K BR3E BBl IS 19 72 T LA mT AT
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Fig. 7 The CALM buoy diameter feasible field
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Table 6 Feasible area difference verification (water depth 45 m)

item feasible region Ryipte / M verified feasible region R, cified-feasible / M difference 6 / %

diameter upper limit 13.13 12.85 2.14
diameter lower limit 11.73 11.66 0.63
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