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Main dimensions and hull parameters of shelter

Tab. 1

L/m B/m D/m di/m d:/m A/t Ay /t

2.4 1.8 1.4 0.8 0.3 2.437 0.610
Vi/m? V,/m? b1/mm by /mm
2.378 0.595 (1114,0,465) (1096,0,178)
Cw Cn Gy, C, Cyp

0. 740 0.902 0. 688 0.763 0.930
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Fig. 1 Shelter coordinate system
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Fig. 2 Waterplane surface at transverse heel
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Fig. 4 Water entry wedge
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Fig.5 Flow chart of hydrostatic and initial stability

height calculation
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Tab. 2 Hydrostatic calculation results at positive float

d/m V/m?® A/t A, /m? (zpsyps2y)/mm
0.1 0.119 0.122 1. 754 (1091.6,0,100)
0.2 0. 329 0. 337 2.409 (1099.8,0,200)
0.3 0.595 0.610 2.891 (1097.2,0,300)
0.4 0. 904 0.927 3.276 (1092.1,0,400)
0.5 1. 247 1.278 3. 550 (1100.3,0,500)
0.6 1.611 1. 651 3.722 (1123.6,0,600)
0.7 1. 989 2.039 3. 844 (1147.7,0,700)
0.8 2.378 2.437 3.918 (1168.8,0,800)
0.9 2.763 2.832 3.619 (1147.0,0,900)
1.0 3.093 3.170 2.975 (1091.5,0,1 000)
1.1 3.357 3.441 2.303 (1025.5,0,1100)
1.2 3.553 3. 641 1. 608 (942.8,0,1 200)
1.3 3.677 3.769 0. 887 (808.0,0,1 300)
1.4 3.732 3.825 0 (—y—,—)
d/m (xpsypszp)/mm BM /m KM/m
0.1 (1090.2,0,59.7) 18. 652 18.712
0.2 (1094.5,0,119. D 12. 854 12.973
0.3 (1096.5,0,178.3) 9.891 10. 069
0.4 (1095.8,0,237.4) 7.943 8. 180
0.5 (1095.2,0,296.0) 6.522 6.818
0.6 (1098.9,0,353.5) 5.437 5.790
0.7 (1105.9,0,410.0) 4.597 5.007
0.8 (1114.5,0,465.6) 3.909 4. 374
0.9 (1121.4,0,519.0) 2.754 3.273
1.0 (1121.4,0,564.8) 1.514 2.079
1.1 (1116.6,0,602.8) 0.739 1. 342
1.2 (1109.6,0,632.8) 0. 282 0.915
1.3 (1102.1,0,653.6) 0.061 0.714
1.4 (1096.4,0,663.7) 0.002 0.666
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Fig. 6

Hydrostatic curves diagrams at positive float
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Tab. 3 Hydrostatic calculation results at inverted float 19
d/m V/m? A/t Ay /m? (zssy7s2)/mm 10
0.1 0.055 0.056 0. 887 (808.0,0,100)
0.8
0.2 0.179 0.184 1. 608 (942.8,0,200) § (8173,0.5)
0.3 0.375  0.385  2.303 (1 025.5,0,300) 0.6
0.4 0.639 0. 655 2.975 (1091.5,0,400) 0.4
0.5  0.969  0.994  3.619 (1147.0,0,500) [ T g 7><(7451.2,0.383
02 L )
0.6 1. 354 1. 388 3.918 (1168.8,0,600) 8
0.7 1.743  1.786  3.844 (1 147.7,0,700) 2045 4090 4 ®
, , 6135 g180-8 oM
0.8 2.121 2.174 3.722 (1123.6,0,800) Zc/mm
0.9 2.485 2.547 3. 550 (1 100.3,0,900)

K10 ##e GM ¢ m HiE

Fig. 10 GM surface diagrams at inverted float

1.0 2.828 2.899 3.276 (1092.1,0,1000)
1.1 3.137 3.216 2.891 (1097.2,0,1100)
1.2 3.403 3.488 2. 409 (1099.8,0,1 200) ﬁ,ﬁ\%ﬂ(j}%ﬁ L‘J\[ﬁlﬁﬁﬁfﬁi 900;@‘@{?‘7&%@J,§é
1.3 3.613 3.704 1. 754 (1 091.6,0,1 300) @T‘%ﬂﬂrg 11 FJ]"ZT‘»%}EH 2.1 Epifﬁﬁ/fﬂ*ﬁ%;ﬁ

1.4 3.732  3.825 0 (—,—.) W d Tl Ay I £ AR (o, ey, 20 VA KB,

A Cosweimm BMm KM BEHR (v ) S BM KM S5 4 R

0.1 (714.1,0,60. 1 4,080 4,141

0.2 (835.5,0,126.0) 5.577 5.703

0.3 (915.6,0,192. 2) 6. 608 6. 800

0.4 (975.5,0,258. 3) 7.325 7.583 “

0.5 (1025.1,0,324. 1) 7. 849 8.173

0.6 (1064.6.,0,388.5) 6. 865 7.253

0.7 (1085.6,0,446.7) 5.248 5.695 0 y

0.8 (1094.5,0,500. 8) 4.128 4,629 Bl B 90°H A AR &

0-9 (1097.1.0.551.9) 3.271 3.823 Fig. 11 Coordinate system at 90° transverse heel
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Tab. 4 Hydrostatic calculation results at 90° transverse

heel
d/m V /m? A/t Ay /m? (z;syys2)/mm
0.1 0.068 0.070 1. 040 (1174.1,611.9,100)

0.2 0.199 0. 204 1.548  (1105.7,607.8,200)
0.3 0.372 0.382 1. 902 (1088.1,617.3,300)
0.4 0.576 0.590 2.163 (1087.0,633.1,400)
0.5 0. 803 0.823 2.371 (1 087.6,652.3,500)
0.6 1. 049 1. 075 2.540 (1 087.9,673.2,600)
0.7 1.310 1.343 2.682 (1 087.4,694.4,700)
0.8 1.584 1.624 2.792 (1088.0,712.9,800)
0.9 1. 866 1.913 2.834  (1096.0,719.6,900)
1.0 2.148 2.201 2.792 (1088.0,712.9,1 000)
1.1 2.422 2.482 2.682 (1087.4,694.4,1100)
1.2 2.683 2.750 2.540 (1 087.9,673.2,1 200)
1.3 2.929 3.002 2.371 (1087.6,652.3,1 300)
1.4 3.156 3.235 2.163 (1 087.0,633.1,1400)
1.5 3.360 3. 444 1.902 (1 088.1,617.3,1 500)
1.6 3.533 3.622 1.548 (1 105.7.607.8,1 600)

1.7 3. 664 3.756 1.040 (1174.1.611.9,1 700)

1.8 3.732 3. 825 0 (—y——)

d/m (xpypszp)/mm B,M /m KM/m
0.1 (1211.8,630.1,60.3) 5. 744 5. 805
0.2 (1160.6,615.2,121.5) 4.452 4.573
0.3 (1129.0,613.8,182.2) 3. 804 3.986
0.4 (1114.2,617.8,241.9) 3. 387 3.629
0.5 (1106.6,624.8,301.0) 3.074 3.375
0.6 (1102.2,633.7,359.5) 2.823 3.182
0.7 (1099.3,643.7,417.5) 2.614 3.032
0.8 (1097.1,654.3,475. 1) 2.411 2. 886
0.9 (1096.4,663.7,531.7) 2.119 2.651
1.0 (1 095.9,670.6,586.5) 1.779 2.365
1.1 (1094.9,674.5,639.0) 1.414 2.053
1.2 (1094.2,675.4,688.7) 1.104 1.792
1.3 (1093.6,674.3,735.8) 0. 843 1.579
1.4 (1093.2,672.0,779.9) 0.618 1. 398
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Research on stability of unmanned shelter for nuclear emergency rescue at sea

LI Tieli's ZHOU Xian', JIANG Xiaoning'. LIN Yan™'?

( 1.School of Naval Architecture and Ocean Engineering, Dalian University of Technology, Dalian 116024, China;
2. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology,
Dalian 116024, China )

Abstract: In view of the demand for nuclear emergency rescue in distant seas, it is necessary to
develop and design a nuclear emergency rapid response unmanned surface vehicles (nuclear emergency
rescue shelter) specially designed for amphibious aircraft delivery. So the main dimensions and hull
parameters of the shelter are researched and determined; the hydrostatic performance curves under the
typical floating cases of positive float, inverted float and 90° transverse heel are calculated, and the
surface diagrams of the variation of the initial stability with the height of the center of gravity to
determine the height of the center of gravity maximum or minimum limit under different drafts are
drawn; the basic principle of stability calculation and self-righting calculation process are proposed,
the hydrostatic stability curve plots under full load and no-load conditions are given, and the variation
law of self-righting performance with the height of the center of gravity is discussed. The maximum
height of the center of gravity that meets the requirements of self-righting is obtained through spline
curve fitting. The research results can provide a technical basis and reference for the subsequent

design of the shelter.

Key words: unmanned surface vehicles; nuclear emergency shelter; maritime rescue; hydrostatic
performance; stability; self-righting performance; initial stability height maximum or

minimum limit; height of center of gravity maximum or minimum limit



