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An Investigation into the Application of the Modal Analysis to the
Calculation of Transverse Vibration Responses of Ship Hulls
by
S.B. Han* - K.C. Kim**

Abstract

The degree of deviation from the orthogonality relations of the actual ship’s mnatural modes
and its effects on the vibration responses are numerically investigated.

The results show that, for the practical application of the modal analysis, it is not an essential
requirement in utiliation of the expansion theorem to assume the added mass being constant
regardless of the mode shapes, or to take the dry hull’s natural modes. That is, it is more
reasonable to take the actual ship-s natural modes as the set of the normal modes and to get the
solution of the normal coordinates equation by neglecting both the inertia coupling and the
stiffeness coupling.
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Table 1 Principal particulars of the bulk carrier

M/S Ocean Ever adopted for numerical
calculations

Length overall

224.16 m

Length between perpendiculars 215.00m
Breadth(molded) 32.00m
Depth(molded) 15.16 m
Draft(design) 10.52m
Deadweight 46, 000 tons
Service speed 14.7 knots
Main engine Diesel, 10,655 bhpx 131 rpm
Propeller 4 blades
Ballast condition

Draft 5.90 m

Displacement 31, 000 tons
Full load condition

Draft 10.55m

Displacement 58, 000 tons
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Table 2 Generalized mass M, ballast condition
(in Tonne-m?)

Node ol 3| 4| 5] 6] 7
2 9,997 17| 204/ 9 382 B3
3 48318 24 256 15 327
4 26 10{7,946 25 256 32
5 1| 54 138437 39& 360
6 10| 2 80 2380950 89
7 127 6 140 58] 9,427

Table 3 Generalized mass M,s: full load condition
(in Tonne-m?)

Node | 2| 3 [ ] 5] 6] 7
2 12,544 2 123% 22| 1611 86
3 Ilo.92 20 16 24 178
4 1l 88682 28 45\ 21
5 1 25 16/ 9,052 200 106
6 5 3 47 1210153 8
7 16 5 43 610,964
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Table 4 Generalized stiffiness K., : ballast Condition (in MN-m)

BHH - £2BX

Node 2 | 3 4 5 6 7
2 272,080 | 456 8,005 241 9,580 1,439
3 1,034,100 3,015 31,920 1,852 . 40,671
4 ‘ 2, 463, 700 7,878 | 79,274 | 9,823
5 | swM 5,008, 400 23,048 213, 900
6 ! 8,879,500 = 88,788
7 ] | 14,413,000

Table 5 Generalied stiffness K, : full load condition (in MN-m)

Node ! 2 | 3 s 5 6 7
2 | 217480 | 49 2,719 | 486 3,565 1,914
3 | ‘ 986, 030 1,998 | 11,488 2,346 17, 696
4 | | 2,179,300 | 7,117 36, 281 5,287
5 | sYM. ] | 4,156,100 8,993 48, 440
6 | | | | 7,786, 700 6,237
7 } J ] \ 12,218, 000

Table 6 Normal coordinate amplitudes and resonance vibration amplitudes at the stern

under one ton

sinusoidal force: ballast condition (unit : pm)
Eq.(11) M,s=K,s=0 for r#s in Eq. {11)
Resonant amp. Normal coord. amp. Resonant amp. | Normal coord. amp.
2-node 7t 680.00 CmD 682,00
683. 52 72 - 1.27 683. 00 %2 1.24
resonance ‘ s 2.95 73 - 0.45
3-node f n 1.04 7 1.03
94.12 | 72 92. 40 93. 43 %2 1 92.70
resonance l 78 0.68 73l 0.68
4-node Lo 0.42 e 0.35
27.37 Do 0.65 | 27.14 70 0. 65
resonance ; 75t 26. 30 i 7. 26. 40
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Table 7

Effects of rotary inertia on the mode factor

f C, 1nclud1ng rotary inertia
~_C, neglecting rotary inertia

2 0.993
3 : 0.990
4 l 0.988
5 0.983
6
7

Ratlo ¢}

0.975
0. 960
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