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A Study on the Fore-and-After Vibration of Superstructure

Sa Soo Kim*,

Abstract

In recent years increased attention has been directed towards the problems of vibration and

noise in superstructure, which have caused major problems with regard to the environmental

quality in the living quarters for crew.

Generally, high superstructure has been located on

afterbody of the ship, and the fore-and-after vibration of superstructure due to the vertical

vibration of main hull girder is the most important as for the inhabitation of the ship.

Accordingly, in this paper, the characteristics of the fore-and-after vibration of superstructure

are studied systematically with regard to the shape and height of superstructure based on finite

element method of beam-like model.

The study is divided into two parts,

one is the calculation

of natural frequencies and the other is the investigation of response at the top of superstructure

caused by unit harmonic excitation force at the stern of hull girder.

For the natural frequency the calculation results are shown that the higher superstructure is,

the lower the natural frequencies of the fore-and-after vibration of superstructure is.

that the natural frequency of superstructure is close to that of hull girder.

It means

The response of

vertical direction at the stern of hull girder induced by unit harmonic force is less affected by

the shape and the height of superstructure but the response of the fore-and-after direction at the

top of superstructure is affected considerably by those of superstructure.
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Table 1 Calculated spring constant

(Unit: T/m)
Frame ' \lain hull with 7 T
No. . Superstructure Main hull (only)
25 0.43x 108 0.55x10°
29 0.26x10° 0.56x10°
33 0.34x10° 0.77 %108
7 0.42x10° 0.89x108
40 0.90x 108 1.23x10¢
43 1.70 %108 2. 09 x10°
Bro) 2.5 x10° 3.34x10°
k. i 0.8 x10° 1.37x108
kr ¢ 1.1 x108(T-m) 1.8 x108(T-m)

Fig. 3-3 The calculation of rotational spring
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Table 2 Principal particulars

Length over all(Loa) 182, 80m
length between Perpendicular(Lbp) 175.00m
Breadth(mld) 31.95m
Depth(mld) 18.00m
Draft(design) 10. 67m

(scant) 13. 00m
Speed 14.8 knots
Cb 0.815
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Fig. 4-1 Light ship weight distribution
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Table 3 Natural frequencies of superstructure
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Table 4 Natural frequencies of each superstructure

Type Mode A-Type ‘ B-Type
B.C. Al ] a2 | a3 | a4 B1 | B2 | B3| B

|
kr l 1 . 9.98
l

B 7.46 5 93’| 107 1088 819 6.2 513
Boundry Condition 2 .57)  36.62) 29.84 26.81] 40. 03‘ 3290 2.51  23.21
of 8.S. Foundation ‘ ‘ )
B L 9. 94‘ . 42i 6.08 498 10.84 818 f0 514
ks ‘ 2 43. 56. 36. 60| 31.21; 26.79] 39.96 32.81} 27,43 22,156
f(Hz) f(Hz)
120 120 F
100 100 |
8o 80
60 } 60 F
40 ho
20 b 20 |
A 1. s A A il A L
12 3% 5 6 1 T
mode mode
Fig. 4-6 The mode-natural frequencies curve Fig. 4-7 The mode-natural frequencies curve (Ver-
(Rotational Spring, 1.1x10°T-m) tical Spring, %2 =2.5x10M/m. &-=0.8x
10°T/m)
Table 5. Natural frequencies of each types (Unit: Hz)
iTyi)Q T? Main 1‘ Main Hull+Super Structure with Rotational Spring
\\.‘\ ‘ 3 3 | B B ’ h ‘ 3 1 S N
Vode o Hull Al | a2 | oA | A | Ba B2 | B B-4
{ i
1 0.9571 0. 9883% 0. 9873 0. 9861‘i 0.9848 0.9901 0.9894; 0.638& 0.9877
2 1.985 2.004 | 2.003 2.002 | 2.000 2.005 | 2.004 2.003 2,002
\ ‘ ! i
3 i 3.026 3.025 1‘ 3.022 3.019 | 3.016 3.031 ¢ 3.029 5. 027 3.024
4 4.08 4.051 4,045 4.038 3.982 4,065 | 4. 061 4.057 3.971
5 5. 064 5.028 | 5. 021 4,938 4. 820 5.045 5. 040 5.035 1. 878
" 5.193 . 5. 289
6 5.932 5. 930 5.928 5.780 5.924 5.935 | 5.933 5. 843 5. 982
6. 062 i
7 6.719 6.722 6.721 6.728 6.716 6.725 | 6.724 6.210 - 6.711
| 6.792
7.516 7.465 7.453 7.437 7.399 7.488 7.446 7.466 7.486
9 8.294 8.215 7. 590 8.173 8.332 8. 246 7.990 8.194 8.231
8.398 . ‘ 8. 434
10 3,965 | 8.909 | 887 | 8.872| 8919 £929| 8919| 8976 8919
11 9.595 9,471 9.563 9.523 9.576 9. 5680 i 9.572 9.592 9.578
12 10.18 9.830 10.18 10.24 1 10.19 9.990 10.18 10.19 10.18
10.27 10.63
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Table 6 Comparison of natural frequencies between modal synthesis method and present theory

\;‘\Method Modal Synthesis Method | Present
Mode ~—__ Sub-1 [ Sub-2 J Sub-3 All Structure i Theory
Natural ! 6.591 I 2172 | 7.58 | 0.99 | 0. 987
Frequencies 2 10.80 3.394 35.76 | 2.14 2.003
(CPS) 3 13.59 J 4.596 | 54.50 } 3.20 ‘ 3.022
4 1494 | 5.717 | 74.2 ; 4.50 ‘ 4.045
' 5 18.78 ‘l 6.745 ‘ 87.37 ‘ 5.78 | 5.021
\J 1)0.9871 Hz
f (Hz)
N | 2)2.003 iiz
a
o 4)4.045 Hz
/ — B o
/ . 5)5.021 Hz
S AR - 1 Type
4 / AR - 2 Type
/ w:A -3 Type
N QA - & Type — — ==
6)5.928 iz
‘ ]
8 4 / — - 3 -
76.721 Wz
M P S T e A ’
Fig. 4-8 The characteristic curve of mode-natural -
frequency according to the height of the 8)7.433 Iz
gaperstructure L
S
— 9)7.590 Hz
I 583
— {Saam) |
T T /’7 P l _ - - M’.‘/A
[ suniisesmy) SUB-1 {Beaa)
AN | P ! 10)8.398 Hz
Fig. 4-2 *-D. ship model consisted of the 3 sub- e \@AM —
structares of beam-like element
| 11)8.897 Hz

S 34 AT A QA dore o 3

AL gk

Sel o% FaA 4 ARTZEY 3f
Zrelel wolth 7 Typed] A¥F2%
Qo) N 2zde Adstd ARAR A4S

Fig. 4-10 Mode curve of main hull with super-

structure (A-2 Type)
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