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Abstract

In the course of ship basic design, the redesign works to avoid resonance can be carried out
efficiently prvided that the frequency sensitivities of the baseline system is available.

In this paper, for lower modes of ship’s hull vibrations, a practical method to predict the natural
frequency sensitivities to major design variables subject to considerations at the preliminary design
stage is presented. The method is of derivation based on frequency sensitivities of uniform Timoshenko

beams eguivalent to actual ships.
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Table1 Actual ships for numerical calculations =9 FX A QolME wHAEAHE 7|
Ship type Lbp(m) ¢ at midship sec. T (baseline system)2 s}x, ¥7t¢ AFE
. _ TYE HAE B FAF ALl BB
Container Carrier 279.0 0.0124 Az Mol vmZ,
RO-RO Ship 182.4 0.0776 M
Prdduct/Crude Oil Carrier | 237.0 0.124 " T A (10)
Chemical Tanker 170.0 0.0104 "E Timoshenkosl_ol] ,‘.1 g]_ é’l—o] m;0.001’0_002’
Ore/Bulk Carrier 275.0 0.0197 0-224,0.008, \:71! 0-025; E_;i ﬂ 1:]—,
Bulk Carrier 215.0 0.0145
Table 2 Weight contents and natural frequencies of ships given in Table1
. 2-D Natural frequencics(Hz)
Shiptype |03 i}x )W' Added W.
condiion (ton) 2 node | 3 node | 4 node | 5 node | 6 node
Container Ballast 32,038 89,165 | 0.822 | 1.679 | 2.536 | 3.398 | 4.260
Carrier Full 79,872 113,758 0.599 1.249 1.905 2.557 3.206
RO-RO Ballast 24,838 46,695 1.545 2.592 3.668 4.652 5.678
ship Full
Product/Crude |Ballast 59,912 156,405 | 0.685 | 1.526 | 2.331 | 3.136 | 3.996
Carrier Full 125,246 193,609 0.561 1.251 1.924 2.632 3.333
Chemical Ballast 29,206 66,670 1.101 2.402 3.819 5.200 6.563
Tanker Full 53,648 76,372 1.002 2.151 3.417 4.639 5.853
Ore/Bulk Ballast 88,898 218,919 0.615 1.255 1.880 2.483 3.072
Carrier Full 190,295 261,722 0.516 1.051 1.578 2.085 2.574
Bulk Ballast 30,994 68,989 0.830 1.740 2.687 3.634 4.584
Carrier Full 58,599 79,465 0.734 1.540 2.365 3.175 3.975
3
Table 3 ‘—-—w I for full load conditions : ballast condition as the baseline system
(6]
Ship type Container Product/Crude Chemical Ore/Bulk Bulk
Carrier Carrier Tanker Carrier Carrier
detail Eaq{3) | detall Eq.(3) | detail Eaq(3) | detail Eq.(3) | detail Eq.(3)
nodes \| calc. cale. cale. cale. cale.
2 0.271 0.180 0.090 0.160 0.116
3 0.256 T 0.180 T 0.105 T 0.163 T 0.115 T
4 0.246 0.327 0.175 0.271 0.105 0.213 0.161 0.271 0.120 0.219
5 0.248 l 0.161 l 0.108 l 0.160 l 0.126 J/
6 0.247 0.166 0.108 0.162 0.133
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Fig.1 Examples of the natural frequency sensitivity of a uniform Timoshemko beam to a concentrated mass

and its location : 2—node and 6 —node
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Table 4 M corresponding to m=0.01
i Container |RORO | Fred/Chucs | Chesmical [ Ore/Bulke | Bulc
Sipype|Camer |Sp  |Carier  |Tenker |Cavier |Carmier

M(tan)| 1,029 | 559 | 1,678 721 | 2,424 | 801
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Table.5 The natural frcquency sensitivity,

to a concentrated mass and its location :

EI J M
#= — Lt=0.02, #= — L '=0, m= —
kAG oA " AL
% node
a = AR 2 3 4 5 6

0.0 | 0.001} 0.179{ 0.151| 0.133} 0.122| 0.116
(A.P)| 0.002[ 0.356] 0.299| 0.265| 0.243| 0.230

or 0.004) 0.706] 0.591| 0.522! 0.478| 0.453

1.0 | 0.008} 1.383| 1.151f 1.013| 0.927| 0.876
(F.P)| 0.015} 2.503| 2.063| 1.806] 1.642 1.544
0.025) 3.972{ 3.229| 2.800] 2.522| 2.350
0.1 | 0.001] 0.059] 0.014| 0.000{ 0.006| 0.025
or 0.002; 0.119] 0.029| 0.001; 0.011} 0.051
0.9 | 0.004; 0.235| 0.057| 0.002| 0.022; 0.102
0.008| 0.464; 0.113[ 0.003; 0.045{ 0.208
0.015] 0.849| 0.206| 0.006; 0.084] 0.400
0.025| 1.369| 0.331| 0.010{ 0.141} 0.692
0.2 | 0.001} 0.003| 0.027| 0.08 | 0.089| 0.042
or 0.002| 0.006{ 0.053] 0.159{ 0.177{ 0.083
0.8 | 0.004[ 0.011} 0.107| 0.318| 0.352| 0.164
0.008| 0.022; 0.213] 0.635| 0.694| 0.321
0.015[ 0.041f 0.398| 1.187| 1.270; 0.580
0.025| 0.067; 0.661| 1.968| 2.042| 0.918
0.3 | 0.001] 0.014] 0.093| 0.043 0.004| 0.084
or 0.002 0.028( 0.186] 0.086( 0.007| 0.168
0.7 | 0.004 0.056; 0.371] 0.171| 0.014| 0.337
0.008{ 0.111} 0.738; 0.338! 0.02%; 0.678
0.015( 0.208| 1.367| 0.621| 0.054| 1.280
0.025 0.343} 2.238] 1.008| 0.091] 2.145
0.4 | 0.001| 0.056; 0.054{ 0.019 0.105| 0.007
or 0.002| 0.112} 0.107{ 0.038| 0.210{ 0.013
0.6 | 0.004{ 0.224; 0.213| 0.077| 0.419| 0.026
0.008| 0.445| 0.424| 0.153| 0.831] 0.053
0.015| 0.826{ 0.784| 0.287| 1.536| 0.097
0.025| 1.357| 1.285| 0.478| 2.503{ 0.160

0.5 | 0.001} 0.078 0.110 0.101
0.002;{ 0.156 0.220 0.202
0.004] 0.310 0.438 0.403
0.008| 0.616 0.000 0.871 0.000 0.800
0.015| 1.142 1.612 1.480
0.025] 1.870 2.637 2414

b - form=0 | 20.033 44.395 70.123 95.149119.623
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