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Direct Calculation Method for Multi-motion Trend of Major Cargoes on Ship
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ABSTRACT: The work aims to quickly and accurately calculate the multi-motion trend of major cargoes on ships induced by
waves, and improve the safety of ship navigation. A direct calculation method for multi-motion trend of major cargoes on ship
was proposed based on the direct calculation method by taking into account the coupling effects of ship motion, phase changes
and the beneficial effects of friction. Further researches were conducted on the multi-motion trend and inertial load of cargoes on
the 21000TEU container ship under different navigation conditions and loading positions, and the comparative analysis was
conducted with the criteria results of Lloyd's Register of Shipping. The lateral slippage mostly occurred in the condition of
transverse waves or maximum roll motion, and the longitudinal slippage and flipping mostly occurred in the condition of facing
waves and too small vertical force at the bow of the ship. The method was accurate and reliable, with high calculation efficiency.
The results can provide a certain reference for the binding and fastening of major cargoes, as well as safety verification, and
have certain engineering practical value.
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Tab.1 Ship and cargo parameters

24 Bl 24 eIz
MLl H K Lyy/m  386.00 P Lo/m 86.00
i vE B/m 58.60 W IERE B./m 22.50
B Dim 33.50 Wy Ho/m 4.00
Z/K T/m 16.10 | SIWELFE He/m  2.00

i3 V/kn 22.00 Y FE W/t 300.00
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Tab.2 Degrees of freedom and long-term acceleration Tab.3 Coordinates for position of cargo center of mass
— — values;;;hip RS %5 x/m ym  zm |45 x/m  ym  z/m
Z Z 1 -128 -195 355| 6 0 195 355
I 13.64 G Ik 2 0.59 2 128 0.0 355| 7 128 195 355
B 9.65 s 1.65 3 128 195 355 8 128 0.0 355
] 14.42 T I 3.33 4 0 195 355| 9 128 195 355
f 0.48 B 42 Jo i 2 0.05 5 0 00 355
Y% 0.12 AT fin 2R i 0.03
fiE B 0.07 P B o 5k 0.01 324 1EMAT
32 FA—-BE ARLESEYEHEBEITLL BT 57 IO AT BB PE AR 3h Y 6 Fh e
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Tab.4 Inertia force and maximum static friction force under MC1 condition

o MCI1 1 MC1 2

* FJ/N Fy/N F/N fIN F/N F,/N F/N fIN
1 -329.3 -200.4 -3 166.1 -949.8 329.3 200.3 -2 699.6 -809.9
2 -353.2 -200.4 -3108.5 -932.5 353.1 200.3 -2757.2 -827.1
3 -377.1 -200.4 -3 050.9 -915.2 377.1 200.3 -2 814.8 -844.4
4 -329.3 —42.8 -2 074.5 -622.3 329.3 42.7 -3791.2 -1137.3
5 -353.2 -42.8 -2016.9 —605.0 353.1 42.7 -3 848.8 -1 154.6
6 -377.1 —42.8 -1959.3 -587.7 377.0 42.7 -3906.0 -1171.9
7 -329.3 113.9 -988.6 -296.5 329.3 -113.9 -4 877.2 —1463.1
8 -353.2 113.9 -930. -279.2 353.1 -113.9 -4 934.8 —1480.4
9 -377.1 113.9 -873.3 —62.0 377.0 -113.9 -4992.4 —1497.7

x5 MC2 LRRMEHNFRAFHREZS
Tab.5 Inertia force and maximum static friction force under MC2 condition
(i MC1 1 MC1 2
FJ/N F,/N F./N SN FJ/N Fy/N F/N fIN

1 1.5 841.2 -2493.4 —748.0 -1.5 -841.2 -3070.2 -921.0
2 -0.8 841.2 -2 653.7 -796.1 0.8 -841.2 -2909.9 —872.9
3 -3.1 841.2 -2 814.1 -844.2 3.1 -841.2 -2 749.6 -824.8
4 1.5 856.5 -2493.2 -747.9 -1.5 —856.5 -3 070.5 -921.1
5 -0.8 856.5 -2 653.5 -796.0 0.8 —856.5 -2910.2 -873.0
6 -3.1 856.5 -2 813.8 -844.1 3.14 —856.55 -2 749.8 -824.9
7 1.5 871.7 -2492.9 -747.8 -1.5 -871.7 -3070.7 -921.23
8 -0.8 871.7 -2 653.2 —795.9 0.8 —871.7 -2910.4 —873.1
9 -3.1 871.7 -2 813.6 -844.0 3.1 -871.7 -2 1750.1 -825.0
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Tab.6 Inertia force and maximum static friction force under MC1 condition

o MCI1 1 MCI1 2
F/N Fy/N F./N fIN F/N Fy/N F./N fIN
1 36 148.1 -35090.3 —142 040.7 130 248.9 29 841.8 -30900.0 —110 189.0 121 980.1
2 35500.0 —34 44222 —139 609.1 127 725.1 30 490.1 —31548.2 -112 622.7 124 504.2
3 34 851.6 -33793.6 —137 183.2 125 197.2 311384 -32196.4 —115045.4 127 032.1
4 23552.2 -23124.6 -95099.6 83 309.0 42 438.1 -42 865.6 —157 127.5 168 920.3
5 22904.2 -22476.4 -92 666.9 80 784.1 43 086.3 —-43 513.7 —159 558.2 171 445.0
6 22 255.8 -21 828.3 -90 242.8 78 257.9 43 734.5 —-44 161.8 -161 986.3 173 971.7
7 11 022.0 -11221.3 —48 405.3 36 613.6 54 967.8 —54769.2 —203 822.1 2156153
8 10 373.9 —-10573.0 -45975.4 34 088.1 556159 -554174 -206251.2 218 140.6
9 9725.6 -9924.8 —43 545.1 31563.0 56 264.3 -56 065.7 —208 681.8 220 666.2
x7 MC2LRiRMHNFRAEFHREZS
Tab.7 Inertia force and maximum static friction force under MC2 condition
o MCI1 1 MCI1 2
F./N F,/N F./N SN F/N F,/N F./N fIN

1 26011.8 -30 090.2 -107 219.7 107 219.1 36579.8 -32501.2 -132021.2 132 021.7
2 27 815.2 -31893.8 -114 114.2 114 110.8 34777.0 -30 697.4 —125125.9 125 129.7
3 29 618.8 -33697.9 —121 008.7 121 001.7 32972.7 -28 894.0 -118 231.3 118 238.7
4 25978.7 =30 117.2 —-107 209.3 107 208.5 36 613.6 -32 473.7 -132031.2 132 032.4
5 27 782.8 -31921.8 -114103.4 114 100.0 34 810.0 -30670.3 -125136.0 125 140.2
6 29 586.1 -33724.9 —120997.8 120 991.2 33005.4 —28 866.5 —118 241.8 118 249.1
7 25944.8 -30 146.4 —107 199.1 107 197.6 36 646.3 —324453 —132041.5 132 042.8
8 27 748.8 -31950.7 —114 093.2 114 090.0 34 843.2 -30 641.4 —125147.1 125 151.0
9 26011.8 -30 090.2 -107 219.7 107 219.1 36 579.8 -32501.2 -132021.2 132 021.7
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Tab.8 Horizontal rotation and maximum static friction torque
o MC1 1 MC1 2 MC2 1 MC2 2
* M,/(N-m) My/(N-m) M,/(N-m) M/(N-m) M,/(N-m) My/(N-m) M, (N-m) M/(N-m)
1 806.1 -21754.3 —-806.1 —18 548.9 78.3 -17132.3 -78.3 -21095.5
2 806.1 -21358.4 —-806.1 —18944.8 78.4 -18233.9 -78.4 -19993.9
3 806.0 -20962.5 -806.0 —19 340.8 78.4 -19335.4 -78.4 -18 892.4
4 806.0 -14253.9 -806.0 -26 049.4 78.3 -17 130.5 -78.3 -21097.2
5 806.0 -13 857.9 —-806.0 —26445.3 78.3 -18232.2 -78.3 -19995.6
6 806.0 —13 462.1 —-806.0 -26 841.1 78.3 -19333.7 -78.3 —18 894.0
7 806.0 -6 792.5 -806.0 -33510.6 78.3 -17 129.0 -78.3 -21098.9
8 806.0 -6 396.6 —-806.0 -33906.7 78.4 -18230.4 -78.4 -19997.3
9 806.0 -6 000.7 -806.0 -34302.6 78.4 -19331.9 -78.4 —18 895.9
RO AREMAELKWIRESRETUREBEIHEEITLE
Tab.9 Comparison of inertia load and multi-motion trend of cargoes at different positions
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Fig.8 Loading diagram of cargoes at different heights
during pitch
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Fig.10 Longitudinal force at different heights on starboard
bow under MC1 condition
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Fig.9 Lateral loading diagram of cargoes during roll
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Fig.11 Lateral force at different heights on starboard bow
under MC2 condition
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