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Researches on Vibrations of Engine Room Construction

1. Introduction

As the power of marine engines has recently become greater, the magnitude of vibra-
tion-exciting forces has also been increased together with their higher frequencies due
to increase in the cylinder capacity andjor its numbers, resulting in greater feasibility
of undesirable vibration of the ship and widening the range of possible resonance.

Therefore, in the design of a ship with such a high-powered engine on board, special
considerations will have to be drawn to the ship vibration. From this point of view,
the problem of vibration of the engine room is also one of the most important, and there
occurs the question how should be best designed the construction of the engine room, in
which the highpowered engine is to be installed, in order to avoid or minimize the
vibration.

The purpose of the present report is to make this problem clear and the following
three items, which have been studied these three years, is included.

a) Investigation on the exciting forces of engines and vibrations of the engine room

on actual ships. '

b) Analysis of vibrations of the engine room on an electronic digital computer.

c) Experiments on forced vibrations of the engine room model.

2. Investigation on the Exciting Forces of Engines and
Vibrations of the Engine Room on Actual Ships

a) In order to measure vibrations of the engine structure itself due to exciting
forces, some accelerometers were fitted up to the engine and vertical, transverse and
longitudinal accelerations were measured during the running test of the engine. The
results showed that the transverse acceleration was the largest and others were consider-
ably less than the former. The transverse acceleration was caused by H or X-type vib-
ration of the engine.

b) For the measurements of vibrations of the engine room, about twenty accelero-

~ meters are arranged in the engine room and its vicinity.

Two kinds of test were carried out; one was carried out when the ship was run-
ning, the other was carried out when the ship was moored and a vibration-generator on
shipboard was operated. Natural frequencies and mode curves of the engine room con-
struction as a whole were obtained and these results showed fairly good agreement with
those calculated by Professor Kawakami*.

From above investigations it has been concluded that the design of the engine room

* M. Kawakami, “On the Vibration of Engine Room of Ship (Part 2) on Natural Frequencies.”
Journal of Zosen Kiokai Vol. 112, 1962.



in which highpowered engine is installed could be made on almost the same criteria and
considerations as in the case of the former engine on board.

3. Analysis of Vibrations of the Engine Room on an Electronic

Digital Computer

In order to simplify the problem, vibrations of a typical transverse section of the
engine room were considered and numerical analysis was made as a plane rigid frame
structure on an electronic digital computer.

Six series of model section were taken; in one series the size of ship was varied
systematically and in the rest of series rigidities of component members were varied
systematically.

The results obtained are as follows.

a) If actual conditions of ships, such as loading conditions of ships and scantlings
of members, are obtained, fairly accurate mode curves and natural frequencies can be
calculated.

b) In order to change a natural frequency of the structure it is most effective to
modify the rigidity of the member vibrating with the largest amplitude at this frequency.

¢) The rate of variation of frequency due to modification of the rigidity of the
member decreases as the rigidity of the member increases.

d) Natural frequencies of the structure depend on not only the size of the ship but
also scantlings of the members, such as span, rigidity and weight of the members, so
that it does not always follow that natural frequencies of the structure have a tendency
to become lower as the ship becomes larger.

4. Experiments on Forced Vibrations of the Engine Room Models

Experiments were performed on forced vibrations of the engine room, using two
types of 1/10 models representing the midship engine room of a 10,000 DWT cargo boat
and the aft engine room of a 35,000 DWT tanker, respectively.

The vertical exciting force of 2.86kg and transverse exciting moment of 156 kg-cm
were applied on the above two models with a vibration generator mounted on a stand
at center of the model.

For the measurements nine accelerometers and two velocity pick-ups were used. It
has been investigated and made clear how the scantlings of the members, the virtual
mass of water at bottom and existence of pillars have influence on the vibration of the
engine room models.
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AR RO EEREEEH OKFRRO & &) 300~1500 rpm (10 rpm T &)
T 3 A D BREE B HERE 80~130 1pm (2rpm & &)
T, TOFBIOTIROE Y TH B,

Table 2.2 Comparison between A Ship and G Ship

1960 1961

LxBxDxD/W 145.00m x 19.40m x 12.45m x 14,550 t ' 143.00m X 21.00m x 12.50m x 12,000 t

. . Hitachi B& W 762 VT-2 BF 140 | Hitachi B& W 874 VT-2BF 160
Main Engine !

135RPM 7,600 BHP | 115RPM 12,000 B HP
Rocation of Engine Room Midship I Semi-aft
Natural | Exciting Test 800, 960, 1,225 | 805, 1,025, 1,315
Frequency |-— -—— -
(cpm) Running Test 456, 819 334, 667, 816

— 11 —



T, RIREER T LT AIRIRO G &

o WA D 1 B X O3k — F O iRBI % 48

T 52, JEBSCIE LT O R O R E R

Al - e (300~700 rpm) OOFEIROD . TEBE AT 15 - 727

17 gﬁ%ﬁlJiﬁwm W, 3WE— FORIERT S EETEED-f

/‘ \ —“Lgm 2, EE 550, 670 crm TN IR E S k2
20 e | P, LTV

00@04%0%13%' AT AR R 0O 15 S IREDEL 820, 910, 1125,

1360, 1410 cpm (CILIRINERD € — 7 %% 383 B

Fig. 2-52 Measured Point (Ship B) By THEHIE, =vIvIIL b, WI2HHWIDE

(FR 89 Section) B LT o2 RO, I RIR o, 9t

BRI AR DD Lt Y DI ANEEF & - THIRARGRZ 1< & Fig. 2.23 02 &< 5%,
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REIEAE O AR E X & LCIE, W2 FIRO ETIRE GHALG 16) < EikiERE% 1410 rpm D &
% 183 galft L EWICKRELIRHBETED, F/o, =P vr 5, PREWVWTEH 60gal/t BEDIR
I TV 525, FOMIEIAA L 25~30 gal/t TSI B X E - TW5,

RIS, G EEBOFORMOKE I wkiid 5 &, Fig. 2:25 WRT X5, WIh ol
T DOFFFAE I 31 T HIRBILEEE £ ERERF B COWH LT, FHBOME IR D KT

168gal /t~4% ~183gal/t
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I [ S
Frvy RS Ho £ 4«
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Fig. 2-23 Resonance Curve (Ship B)
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I AN s’ ¢ SREDRII, iﬁﬁﬁﬁ’kf‘@)&ﬂi?& 5T
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7> =L
Fig. 2-28 Relative Vibration of Double Bottom (Ship C) FERCHRIETE 20 D[ LB P 25 LI 25
B MAIRENETZ & 2 Lo < 80 B
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DX 5 LTHIZEEOMMIRE)
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Witd, chbhb¥aZ L <, 300, 365,
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Fig. 2-29 Measured Point (Ship C)

e —— = e e

1
'
1

Remarks 11, 12, 13; Top of Engine
A\ ; Vertical
H ; Horizontal

— 14 —

ThiHEEZDLND,

WITHIE I 31 5 HlER T %2 Fig.
2:30 ¥ X Ot Fig. 2-31 II%T, 2hb
O H» HH BT L L, 400, 477 cpm fff
I E— 72 R 5, XD 5% 477 cpm
fHao Y — 713, #lELS @ KiRbI



o FOR®
gal 2 FOR@

FOR®
» @
” @

._.
=

——
px o

FORD®

=

0 . . , . , L
200 300 400 500 600 700 800 cpm
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Fig. 2-31 Resonance Curve (Ship C)
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TR XS TPIETHHAI LA, BIRIRSOIKR 0B
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Fig. 2-35 Resonance Curve (Ship D)
F R ERRFC S W TR OBl D &3t 480cpm §97cpm 874cpm
IR kb D & 465, 575, 645, 720 & 1 = E "F % =
. . ; 7 i : ! !
U° 780 cpm D ILIRIREIF 2 K DIE T2, "-"‘*i:;;;:;f, “Mj .
645cpm & 720 cpm & VRIS (EWE O E — MODE NO.1 MODE NO.2 MODE NO.3(a)
954cpm 1,021 cpm

FHR—TH 25, ZHITREREOEL EHHE
e XS ITHERM T X AL Bbh b,

COFEERPL, REE L€~ FEOEEE
kb, BIRBICXBHEEEHE L L Db
Fig. 2-41 T& 0, —FICREESETLT

0 5 gallt

d
1
]
=1
]

i

MODE NO.3(b) MODE NO.4

Fig. 2-36 Mode Curve (Ship D)
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Table 3-1 Variation of Moment of Inertia

[1]
(1) 2-Fold Value of Standard
(2) 1.3-Fold Value of Standard
(3) Standard
Item I
(Span)
Member cm
1~ 2 600
2~ 3 270
3~ 4 270
5~ 6 600
6~ 7 270
7~ 8 270
4~8 625
8~12 670
3~ 7 625
2~ 6 625
1~ 5 625
5~ 9

670

Indicate Weights of Member without Added Mass

I
(Moment of Inertia)
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cmd

73,600

27,300

5,800

7,100

7,900

13,120

11,500

8,360

14,200

4,980, 0000
3,240,000
2,490,000

5,800,000

3,770,000
2,900,000

of Bottom

f—8 i
3 7

2 6

O

|
y

74
(Weight per Unit Length)

kgfem
| [ 1.70] 9.10
1.44
1.47
.28
.28
.71
1.98
1.28
{ .80] 10.3
[ .80] 5.80
7.77 40.9
5.2 38.4
421 37.4
1097 75.1
i 7.9 72.1
' 6.6 1 70.8



Table 3-2 Variation of Moment of Inertia of Web Frame

[ 1 Indicate Weights of Member without Added Mass 8 |
(1) 2-Fold Value of Standard 4 "
(2) 1.3-Fold Value of Standard 3 7
(3) Standard 2 6
(4) 0.7-Fold Value of Standard i
/ 5 3
Ttem I 1 ] A
: (Span) (Moment of Inertia) (Weight per Unit Length)
Member “-.. cm cmt ’ kg/em
T ' T w7000 ] f2o00] 940
1 2 ! 95,500 . 1.79 9.19
! 600 73,600 ! 1.70 9.10
51,5004 ‘ 1.61 9.01
54,600 ‘ 1.62
0 3 | 35,400 1.50
270 27,300 1.44
| 19,100 1.39
3~ 4 270 5,800 i 1.47
! |
e o i
5~ 6 600 7,100 28
L - _ _
6~ 7 270 7,100 .28
7~ 8 270 7,900 7
—— - I o
4~ 8 i 625 13,120 1.98
8~12 ‘ 670 11,500 1.28
3~ 7 625 8,360 [ .80] 10.3
2~ 6 625 14,200 [ .80] 5.80
i~ 5 ’ 625 2,490,000 (421 37.4
|
r
5~ 9 670 2,900,000 [6.61 70.8
|
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Table 3-3 Variation of Moment of Inertia of 2nd & 3rd Deck

[ 1 Indicate Weights of Member without Added Mass 8 |1z

(1) 2-Fold Value of Standard 4 !

(2) 1.3-Fold Value of Standard 3 70

(3) Standard 6

; f

5 19
- Ttem i 1 ‘ TA
i (Span) (Moment of Inertia) (Weight per Unit Length)

Member "~ cm cmt | kg/cm
1~ 2 600 73,600 [1.70] 9.10
2~ 3 270 27,300 1.44
3~ 4 270 5,800 1.47
5~ 6 600 7,100 .28
6~ 7 270 7,100 .28
7~ 8 270 7,900 71
4~ 8 625 13,120 1.98
8~12 670 11,500 1.28
16,7200 1.517 10.65
3~ 7 625 10,870(® .92 10.42
8,360® .80 10.30
28,400 .99 5.99
2~ 6 625 18,450 85| 5.8
14,200 .80 5.80
1~ 5 625 2,490,000 [4.2] 37.4
5~ 9 670 2,900,000 .61 70.8




Table 3-4 Variation of Moment of Inertia of Upper Deck & Upper Frame

[ 1 Indicate Weights of Member without Added Mass 8 | 12
(1) 2-Fold Value of Standard 4 {
(2) 1.3-Fold Value of Standard J 7 \
(3) Standard ‘ 6 |
|
! 5 19
\ Ttem ! 1 T rA
"~ (Span) (Moment of Inertia) (Weight per Unit Length)
Member ™ cm cm? kg/cm
\ p—.
1~ 2 600 73,600 [1.70] 9.10
2~ 3 270 27,300 1.44
11,600¢0 1.65
3~ 4 7,550 1.51
270 5,800 1.47
5~ 6 600 7,100 .28
6~ 7 270 7,100 .28
7~ 8 270 7,900 71
26,240 2.11
4~ 8 17,100 2.02
625 13,120 1.98
8~12 670 11,500 1.28°
3~ 7 625 8,360 [ .80] 10.3
2~ 6 625 14,200 [ .80] 5.80
1~ 5 625 2,490,000 [4.2]1 37.4
5~ 9 670 2,900,000 [6.61 70.8
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Table 3-5 Variation of Moment of Inertia of Pillar

[ 1 Indicate Weights of Member without Added Mass 8 |12
(1) 2-Fold Value of Standard 4 !
(2) 1.3-Fold Value of Standard J 7o
(3) Standard z 6 ,!
1
; |
5 |9
N Ttem ! I rA
(Span) (Moment of Inertia) (Weight per Unit Length)
Member\\ cm cmt glcm
! |
1~ 2 ‘ 600 73,600 [1.70] 9.10
o T
2~ 3 270 27,300 1.44
3~ 4 270 5,800 1.47
14,200 .560
5~ 6 9,220® . 364
600 7,100 .280
14,200 560
6~ 7 9,200 364
270 7,100 .280
' 15,800 .990
7~ 8 10,300 794
270 7,900 710
4~ 8 625 13,120 1.98
8§~12 670 11,500 1.28
3~ 7 625 8,360 [ .80] 10.30
2~ 6 625 14,200 [ .80] 5.80
1~ 5 625 2,490,000 [4.21 37.40
|
5~9 ! 670 2,900,000 6.61 70.8
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Table 3-6 Variation of Ship Sizes
[ 1 Indicate Weights of Member without Added Mass

8
(1) 3,400 G.T. 4r; “\“12
(2) 7,200 A 3 7.
(3) 9,600 ~  (Standard) 5 6 |
(4) 15,000 |
L
! 519
Item | l ! 1 74
! (Span) : (Moment of Inertia) (Weight per Unit Length)
Moment cm cm? kgfem
T T T oss0 750000 T1.807 6.13
1~ 2 | 500 26,700 ] 1.21 8.16
! 600 73,6000 | 1.70 9.10
| 800 152,800 1.93] 11.72
i 200 6,000 ‘ 1.04
9~ 3 l 250 17,500 1.18
! 270 27,300 | 1.44
‘ 350 36,300 | 2.04
200 1,800 1.10
G 4 250 3,600 1.30
270 5,800 1.47
350 9,300 1.78
350 900 12
5~ 6 500 7,100 .28
600 7,100 .28
800 : 25,600 .49
200 : 900 12
6~ 7 250 7,100 28
‘ 270 : 7,100 .28
i 350 25,600 .49
200 1,400 .50
7~ 8 250 ! 7.900 .61
‘ 270 | 7,900 [ 71
350 . 27,500 | .86
; 420 4,600 , 1.34
dm 8 : 600 12,500 : 1.58
625 13,100 i 1.98
680 17,900 \ 2.20
600 10,300 ' 1.15
8~12 640 11,000 [ 1.22
670 11,500 : 1.28
800 14,500 : 1.58
420 3,300 r 627 10.21
3 7 600 7,000 75| 10.25
625 8,400 80| 10.30
| 680 ; 21,100 ] L 200 11.70
- : 420 8,500 ’ - 717 5.62
2 6 600 13,600 , .75 5.75
625 14,200 I .80 5.80
680 21,100 | .95] 5,95
w 420 1,230,000 | r2.107 25.4
1~ 5 i 600 1,640,000 3.4 29.1
| 625 [ 2,490,000 4.2 37.4
, 680 3,510,000 15.0] 43.9
| 600 1,440,000 r4.3 7 40.5
5~ 9 640 1,810,000 5.1 52.9
| 670 2,900,000 6.6 70.8
800 5,120,000 7.7 1 79.7
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Table 3-8 Variation of Moment of Inertia and Natural Frequency (2)
(Value of a'fa)

Case Bottom Web Frame 2nd & 3rd Deck I{f;;;?fg:ﬂf Pillar & Casing
Mode var | e o vasl 2 vl el 13l . 21 13 | e
1. 970 ' 023 1.184 .885 722 885 727 .88l © .71l .878 ' 709
2 881 | 716 1,100 930 .85 98 775 875 = 700 884 | .7I5
300 877 D700 1820 885 720 ¢ 956 880 | 881 | 720 L .891 ’ 738
4 876 706 1.173 884 719 955 885 = 883 717 895 | 740
5 | 880 | 710 | 1092040 4 850 | 899 | 733893 | 739 889 ‘ 729
6 885 | 725 | 1.175 885 - 723 | 880 + 710 | 885 | 722
7 .875 ‘ 701 ) 1,195 885 . 875 ¢ 707
3 | ) ! ’ 882 | i
Table 3-9 Comparison of Span and Moment of Inertia
Ship Size (G.T.) : (Basic Model)
. 3,400 i 7,200 9,600 15,000
Item Member
' 1~ 2 58 83 1.00 1.33
2~ 3 74 .93 1.00 1.30
3~ 4 ' 74 3 1.00 1.30
5~ 6 58 .83 1.00 1.33
b~ 7 74 93 1.00 1.30
Span 7~ 8 .74 .93 1.00 | 1.30
) 4~ 8 67 .96 1.00 | 1.09
8§~12 .90 96 1.00 1.19
3~ 7 67 96 1.00 | 1.09
2~ 6 67 .96 1.00 | 1.09
1~ 5 67 .96 1.00 1.09
5~ 9 90 | 9 1.00 1.19
1~ 2 61. 107, 204, 238.
2~ 3 150. 280. 374, 296,
3~ 4 45. : 56. 80. 76,
5~ 6 74 28 20, | 40
6~ 7 23, 114. 98. ‘ 209,
le 7~ 8 35, 126. 108. 224
(x10%) 4~ 8 26. ‘ 35, | 34, 39.
8~12 29, 27, ! 30. 31,
3~ 7 19. ) 19, | 22, 46,
2~ 6 48. 1 38. ] 36. 46,
1~ 5 7,000. 4,560. ' 6,370. 7,600,
|

5~ 9 4.000. 4,420, 6,450, 8,000.
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of Inertia of Bottom and Mass)



Table 4-1 Variation of Scantling

Table 4-2 Variation of Scantling

(Model A) (Model B)

Expeti M—emb—er Pillr Condi- e Merber Pillar | Condi-
No. Side Bottom ron No. Side ‘ Bottom tion
@r 1g 1z P In Air @ 1s 1z In Air
® s ' 1z . ” Cw I 1s 1z IIn Water
® 2s 1g i ” ®w i ls 2B ‘

@ . 2s 28 ” @w | 1s 2B P ’

@ i 2,g 33 ' 4
®r | 2 38 | P ”

@ rw 2s 3 P In Water
®w 1+ 2 3B ”

@v | 3 % o
10w ! 3s 4 ! l ”

a 3s 4p In Air

Table 4-3 Variation of Scantling
(Model A)
l;: Length of Member (cm), W;: Weight per Unit Length (g/cm), I;: Moment of Inertia
i=1,2,3,4; i=1: Bottom Center, i=2: Bottom Side, i=3: Side, i=4: Deck

No. I 4 I ' Iy ‘ 12/11 ‘ Ws Wg/W1 ] ‘ 12/[1 , I3 I3/l
®r 35 108 12156 | 62 1,772 | 108 1,000 1215.6 , 1,000 112 3,200
® ” ” » ” ” ” ! ” ) ” ‘ ” ”
® ” ” ” ” ” ” ( ” l ” ; ” | 115 : 3,286
@ ” 04 | 957.5! 626 1 17890 94 4 { 9575] 4 | . o
® " 78 572 " " 78 pooBT2 ‘ " } "
®r ” ” ” ” ” ” ! ” : ” I » | ” i »
@ew " 4641 " " " 464.1 " . " ” o
®w I ” I ” ” ” ” | ” ’ ” ' ” ” ” ; ”
L Y R T A B
O 7§ 4355 " v | 4355 " i 965 ' "
® o515 pob e ss I ro v ,
No. | w |wym s | s | ow | wn | owe [wem| g | tn
@®r 92.0 1 0.852 ‘ 243.5 0.2003 , 62.0 1,772 72,4 0.670 . 58.0 0.0477
® ” ] ” l ” i ” ” ” ” ” ” | ”
® 83.1 0.769 | 115.2 ( 0.0948 | ” ” ” ) ” ” ”
@ sl ossal » lotsoal 626 | 1,780 + | 07700 +  0.0606
® v, 1.065 | 7102013 | # ” " 0.9281 »  0.1014
@ ¥l ” " ‘ ” : n ”n " . 14 ” ” n
rw ” ‘ 0.179 | ” ' ” ” ” E ” ¢ 0.156 ” ”
'rV ! ” | ” i n ! n ” n : ” i ” { ” . "
@w | 65.0 | 0.140 | 14.85 i 0.026 " vy " e
@w o 0.149} » 11539 " N 0.166 »  6.010
i) ” 1.130 ¢ ” ” ” : ” I ” ¢ 1.260 ” ”
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Table 4-4 Variation of Scantling

(Model B)
(Symbols to be Similar to Tab 4-3)

No. ll Wi 11 ' 5 12/11 Wy Wz/Wl I 12/11 ls ls/ll
@ 50 140.5 1066.1 27 0.53 140.5 1,000 1066.1 1.000 120 2.40
G ” 1273 ” ” ” 1273 ” ” ” ” ”
G ” 1262 668.6 " ” 1262 ” 668 .6 ” ” ”
@ L Py ” ” ” ” ” ” ” ” ” ” ”

No. Wy - Wyw, L ) A A Wi |WyWwi, L Lk
@ 95.5 0.680 98.9 0.0928 72 1.440 75.8 0.540 25.6 0.024
@w ” 0.075 7 ” ” ” ” 0.0596 ” ’ ”

Gw v 0.0757 v 0.148 o #  0.0601 1 0.038
@/ P " " ” 4 ” s ) " ” " "
Table 4-5 Variation of Natural Frequency and Acceleration
(According to Variation of Bottom Scantling)
I Experiment . . | | P
& @ ® Ow @w
o 5 1 w0 | 788 | a7 ‘ 47.1 0.79
ottom w w s 722 430 403
o i s ’ I 100 ‘ 100 ‘ 100 12.9 12.9
P e w 100 100 100 78.3 78.3
7 Mode No. 1 . 100 100 97.4 55 42
” 2 100 | 85.5 ‘ 82.3 ‘ 54 32.9
” 3 100 ! 86.2 91 75 ) 40.7
Natural Frequency ” 4 100 ! 94 92 5 i 80 i 64.1
100 ! 914 9.8 J 66 4.9
Meam
100 99 .4 100 68
o ot Mode No.1 | 100 | 18 159 | 59 91
ottom 3 100 | 132 139 ' 125 | 1w
Acceleration P 100 109 92 36 46
per l Ship Side : .
Exciting ” 3 100 116 : 137 93 129
Moment | ' e e ——
00 112 | o132 75 | o5
Meam | |
100 i 107 100 122
o I - - e R e I — [
Mode No. 2 100 ' o5 | 242 77 308
Bottom . | i
_ ” 4 100 73 i 173 127 i 171
Acceleration T, T
” 2! 100 73 78 33 78
per Ship Side .
Exciting 100 ‘ 370 650 478 522
Moment ___ . e I —_— R
' 100 | 158 | 286 , 179 i 269
Meam
100 | 181 | 100
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I: Moment of Inertia, W: Weight per Unit Length




Table 4-6 Variation of Natural Frequency and Acceleration

(According to Variation of Ship Side Scantling)

. Ex_;_)eilﬁment No. ® ® ®w Ow
Bott 1 ' 100 47.3 47.3 6.1
ottom w ' 100 90.4 9.4 | 70.6
] 1 | 100 00 7.1 471
Ship Sid i
ip Side W 100 100 430 430
Mode No. 1 \ 100 845 | 56.6 40.5
" 2 | 100 92.1 . 72.7 49.7
" 3 100 93 .4 ‘ 72.7 70
Natural Frequency ” 4 ‘l 100 | 86 -: 78 68 3
: . i P S
100 8 7 57.1
Mean 0 9 ' 0 .
» 100 81.6
Mode No. 1 100 116 81.2 57.5
Bottom i
" 3 100 121 103 151
Acceleration N - - h
i 1 100 238 131 83.3
Per | Ship Side ’ ‘
Exciting | ” 3 100 ! 184 133 167
Fore [ S o
100 165 112 115
Mean
100 103
i Mode No. 2 ! 100 20 71.8 14.8
Bottom .
" 4 100 95.6 111 ! 134
Acceleration | o2 100 84.8 28.3 108
Per Ship Side
Exciting ” 100 78.3 391 474
Moment [ N
100 \ 70 151 183
Mean ;
| 100 121
| . .
I: Moment of Inertia, W: Weight per Unit Length
Table 4-7 Variation of Natural Frequency and Acceleration
(According to Increase of Vertical Mass of Water at Botiom)
S IR e -
Experiment No. ® Ow l ®r @ew ® ‘ ©w
I 100 100 | 100 100 1.69 1.69
Bottom ,
w 100 595 100 595 73.8 | 560
1 0 | 100 | 10 ! 10 | 12
Ship Side ’ 00 0 ! 100 9 12.9
| w 100 w0 | 100 | 100 78.3 78.3
' Mode No. 1 98.3 67.5 100 72.8 | 61.5 37.8
" 2 100 95.3 100 97.6 70.5 40
| " 3 92.1 79 100 89.8 77.1 41
Natural Frequency | " 4 96.2 92.3 100 | 945 79 65.6
! 96.7 83.5 100 | 887 1 72 46.4
Mean |
100 85.5 ! 1 100 64.5




Acceleration
per
Exciting
Force

Acceleration
per
Exciting
Moment

Experiment No.

' Mode No. 1

Bottom
" 3
” 1
Ship Side
" 3
Mean

Mode No. 2
Bottom

Ship Side

Mean

Experiment No. !

e

Bott I
ttom
ottor W
Ship Sid 1
1p Oide W
T Mode No. 1
I ” 2 |
” 3
Natural Frequency , 4
Mean
. Mode No. 1
Bottom '
! ” :i
Acceleration ,” . 1
e Ship Side
Exciting , 4
Fore B
Mean
’ Mode No. 2
Bottom :
"
Acceleration - - - ; L :
per L o
Exciting Ship Side , .
Moment o s
Mean

6 ®w ®r “Upw l a WOw
100 53 53 12.9 \ 265 60.6
100 61.6 71.8 42.6 160.6 82.1
100 64.7 20 20 ¢ 153 53
100 52,2 94.5 34.8 ¢ 199 95
100 | 58 60 28 1 195 73
j 100 42.6 1 100 37.4
100 162 98.3 142 1 366 I 133
100 65 84 4 50.6 264 100
100 61.8 47.3 60 1 464 691
100 60.8 44 66.2 ' 113 | 78
100 | 88 69 59 l 302 ' 95
100 85.5 | 100 31.4
1:. M-oment of Inertia, W: Weight per. U;]it Len{;ti) S -
Table 4-8 Varriation of Natural Frequency and Acceleration
(According to Setting Pillars)
' i T T
e @ o | ® l @rw ‘ G
l JI— ———
100 5 100 47 47 7 @
100 1 100 72.2 72.2 430 430
100 100 47.3 47.3 47.3 47.3
100 100 90.4 90.4 | 90.4 90.4
100 95.1 79.7 77.6 58 53.9
100 97 ! 73.5 ! 73.5 7.8 | 70
100 . 99, 92,3 | 85 81.6 72.3
100 98.5 85.8 82.4 80 78.1
100 97.5 85.3 i 796 72.9 68.6
100 , 93.3 100 94,1
100 115 106 197 32.8 95.5
100 i 548 | 66.7 92,9 39.1 57.2
100 ¢ 180 80 340 88 220
100 131 198 328 115 | 148
100 | 120 13 | 240 | 6 130
100 212 | 100 188
100 | 275 114 133 172 198
100 ; 69.2 95.4 115 615 | 77
100 757 357 500 457 786
100 76.7 303 500 213 | 300
100 295 222 312 226 340
b0 14 100+ 150
I: Moment of Inerti-a, _i/V.:AVVeightrper Unit Leﬁ;l:x_— -

— 57 —



PAbiCai 7o & & < SERRERR, HARER, & 5V IZEERET R & 0 B ERERETICE LIRD CF
MICHB LR D B LHTE, ORI E THIOER LT,

AWEEH DTN D, AUEBLOEE, @l BESIOCER, BFHRLEY &S
X LECHEEZERT HRBTH 5,

— 53 —



1 & x K

Fig. 1 FH#EPEE R OBRERMZ T2 o T 530 & T 5, £DEPO—D2DHM i
ZYID LT, WunZEhr, [EifE, fhif€—2 v b, FHNEEARO LS CED S, itk TH
BT 5668k (sinnt) IR THNWTRLTW S,

M,,j (IQLJ 0 x _r)MJt’ le

Fig. 1 Fig. 2

L OUM ORI E y=w(x)sinnt LRGN, REE wx) EREMDO X ST,

w(x)=Acos mx+Bsinmx+Cchmx+Dshme e (1)

sz m=df AT AR OmR, El-#OWL o=T0mE

rERDbENSD,
T 35 B D4
o dw - dw] M
w(0) =wss, [m] =Bu, [dﬁL_ EI
e dwl _,. diw | _ My
wih) =ws, [m}ﬁm“ [dﬂL_lﬂ

VL, BWHOMTFE— A VPR XCHBINZROLSCEKDLT I EHBTESD,

MJ__zEK”(awﬂw—l—ﬂwﬁu‘l")’u l — 05 1/;}1;>

Wy i,
MzJ—ZEK_n(az]ajz‘l"‘Buau Tii lj +51,jWJ>

2EKq;
Lij

Wi
Oi=— (7‘1)011“‘51]011,“‘&1 l 77iJ'—J>

Lij

— 55 —



ZEKz j i i
Jis=—— . <Tij0ji+5ij0ij Eij Z'U.J +7]le;) J) J
Ji Z
- = 1 ILJ
— ‘k— KIJ_ l,LJ
__(ml)u;(sin (ml)s; ch (ml) s;—cos (ml) i; sh (ml) )
*= 2(1—-cos(ml)j ch(ml) ;)
5 (ml) ¢ (sh (ml) i;—sin (ml) <5)
= -

2(1—cos(ml):; ch(ml):j)

A __#(ml) Yysin(ml) sy sh(ml)y
Te= 2(1—cos(ml);ch (ml)s;)

...... 3)
P _(ml)¥;(ch(md) ij—cos(ml)s;) (
ha 2(1— cos(ml)uch(ml)z]
E""(—) ij(ch (ml) 5 sin (ml) i3+-cos (ml) i sh (ml) i5)
b 2(1—cos (ml) 5 ch (ml)i5)
__mDPutsin(mDutsh(md))
nI= 2(1—cos (ml) 5 ch (ml) ;)
F7o (1) XoE# A, B, C, D 30 X5i w M Th5x 65,
Wi M;;
Aiy= 2 T 2miiElLj
_(wus My fwy My 3
B”—< 2 ZmZijE]ij>CoseC(7nl)“ ( 9 + 2m2ijE]ij>COt(nZl)u
...... (4)
C"— M)ij— Mij
Yoo 2mEL;
_(wi My o (wy My 3
D;;—( 2 + ZmﬂijEIij>+cosec (ml)s; ( 9 2m2ijEIij>COth(mD”

2 R BIUERORERMHR

EIHOMNEERTE % Fig. 3 0o X 5md s (F 50 Fig. 2 @ i [2Y), 0880
z BB — QBT E D, ¥ HNE T ER D T OB & B
WE, ZOfHED mode curve & 5 AH7¥izid Fig. 3 TR

4 - 8 . 2
TREGHHIOVT, (1) R0 A, B, C D ofizkon | o f o
BBV OT, RAEIESSEIV D LB, Lk,  J e U st
(4) B2 A, B, C, D 13 w, M T5x bha, t | | |

X1 (2) REMEXE M T w, § TEXLNZDT, Kl /:'* S — 213
BELT w 6 2BEZENTE 5, é*cﬁ“maﬂﬁf\‘fﬁﬂ Fig. 3

EThh, MHMOBEMO ML ETT 5, i bilge MHo

RV 7LV E W S A DREL TUE 4 HD w, 6§ ODRIGROBEESD D, K26 LS 5,
wir=wss=wsre=w131:=0
wWis=wis=wsr=wis=0 1



Wiss=wio=wis11=wis12=0

Win=wW=—We=—Ws1=W3

Wp=Wi=—Wrie=—W1s=W3

W= —Wer=—Wi11= —Wi615 = W4

Ws1=Ws9=— —Wer=— —Wis— —Wyd = —Ws12 = W5

Wes =We1s=Wion4 =W1115= —Wi1s= —Wia16 =Wy

Wus=wuns=wWins=Wion=wie N e (5)

Wisu=wWisis=wWino=wnp=wn

e=01=0: O35=0s10=0913=05
031=023=02 =01 0109="01011=01014 =010
O03=031=03:=0s Oue=01n12=0u1=60n
O13=01=0, O138=01211= 01216 =012
O051=05=050=05 O139=01314=01s3
Os3=0es=0s1=0s Or1110="01413=0141:=014
Or3=01=015=01 O1511=01511=01516 =615
Oss=051=031=0s O1610=01515=01s

DF DRMEGE we, ws, ws, ws, wy, ww, wn, Oi~0is O B EICEMTE ENTE D, —F, M
FE— AV R EYII DR HIRD 23 HOFIERMATE B,

Mg+ Mis=0 Mas+Moto+ Mys=0

May+ Mag+ Mys=0 Mios+Mioin+ Mo =0

Mas+ Mss+ My =0 Mo+ M+ Mis=0

Mig+Mis=0 Muas+ Mo+ Misis=0

Mit+ Mg+ Mo =0 Miss+Musi=0

Mia+Mss+ Msr=0 Moo+ Misis+Mias=0

M+ Mas-+ Mis=0 Misii-+Misis -+ Misis=0

Mas+ Mz -+ M1z =0 Misis+Misis=0 % e (6)

844013+ 053-F051—050—0512=0
216+ 01115+ 1014+ Go13— 095 —0128=0
O0n+055— 03— 0s1=0

032 +016—034—013=0

G109+ 01413— 01011 —O1415=0

1110+ 0151001112 O1516=0

013+ 07+ 012111+ 0151:=0

— 57 —



ZDX HITRMEKDG23EHD,

LT EMNTED, 7tF (6) ROFHEITNT 0 THHDT,

%,

3 7K B

WERLT

Emii=]
DT

=X
HEEMLUTRO L S ICHED 5,
112—_—11314511

ls=l=l

ly=lus=h

lis=1Ilsne=1l1o
(ERRE h~l 225 TR,

Ki=Kin=K:
Kis=Kn:i=K,

Ky=Kni=K;
Kio=Kno=Kio

alz=m3 =1
AL5 =913 =4
a3 —=ais=ar

a56=— Q910 =10

B, 1, 0, & n bR

ls=lus=1h
lss=1s
la=ls=l

lo=lLm=ln
DT K £ a bo#

Ku=Kin:=Ka
Kn=K;
Kius=Kin:=Ks
Ko=Kim=Kun

A3=Q1415 = QA2
asy=as
AIs=Q1316 = A

Q7= A1011 =A11

FRATHT A &URN 2B @H 0T, 70 23 AOFRMENIKD

FHED S b 1 ETEERE B L&

ly=lsie=1h
ls=hhoi=s
Is19=1

178:l11125112
BC Le F TR

Ky=Ki51=K;s
Ku=Kinu=K;
K=Ky
Ki=Kun=Kn

A3 = Q1516 = Q3
W= K1014 =g
as1e=ay

Q18— Q@112 =12

0

EEALT (6) g (2) XERALLRITKROBEYTH 5,
(Ko +Kia) 01+ K1 p16:2+- K4,3405—£;61 wa -+ I{;:h ws=

Kip16:14 (Kien+ Ko+ Keas) 02+ K203 Ko Bels

517’_1_ K2T2>
< h ls wa

Ko+ (Koas+ Ksas+ Ksas+ Kror) 03+ KB+ K nf

+£@ (%&_
2

K303+ (Kaas+ Ksas) 0+ KsBsfs+

)
Koo+ £

w;=0

J 0
&ri) — Kas 4+K77
I3
Ko, E%f_zm .
13

Kipib1+ (Kias+ Ksas -+ Kioaio) 05+ KioPiofs+ Ks 509

Ki0010 < Ky
g i)
I

Z{—sri) ws+ Kb ws=0

Is

K842+ K10B1005 + (Ksas + Kioano+ Knan) s+ Knpunbq

— 58 —

5=0

K30
s

ws=0




() S K
Lo I 111 ls

K183+ K pubs+ (Krar+ Knan -+ Kizais) 01+ KiaB126s

K;
+ Kuon Aw2_< Kurn — Kuyn )ng_iﬁzﬁm Kb

I Ly > Ly Wt

K04+ Ki3prabr + (Ksos+ Koas + Kisouis) 03+ Ko f8sb12

Ki901s - Kupis 04_{_(&7’3__&71 wH—&@wg-——O
l12 L I3 Iy Iy

K805+ (Kiau + Ksas + Kioato) 0o -+ Koo+ KiSab1

o Kids Ws— <A‘I{‘¥7‘£_Eir_5>wg+ K1o5}¢)_lulo_0
Is L ls I

Kooyt (Ksas+ Kroaro -+ Kion) 610+ Kupubi -+ Kool 1s

_Kas +<ﬁrzq.,f£1}f_u_>wm LSV EL R
lﬁ ll(\ lll 111

ws=0

+

Kupubr+ (Krar-+Kiiein + Kiza) 011+ Kiofiafa+ Ko Bi61s

K Kud K
K12512 Wi 7T w1101 W10—|—< Kuru 127’1_2)

Ly A I o I

Kyfafs+ Ki1aPr26011 1 (Ksas + Kosas + Kisaz) 013+ KspsO1s

wn=

_ Ko Ks <!<sr_8_59r9_> o Lt
L3 173 ls &y L
K.,
KiBsOs+ (Kion + Kiaw) 013+ K1 114 ——— L we+ l wm—O

KiBsbro+ Kip16013+ (K + Kaat 4 Koats) 014+ Ko a1

K‘i&". Vs -+ <@_£{371> wio-+ {{2'5'21”“ =0
I Iy L

K611 +K2ﬁ20.14 + (Kaaa+ Ksas+ Krar) 015+ Kafsf1s

—-K35§-104——K757 wg—E@-w]o—i- ( Kﬂ’i_ﬁﬁg) wn=0
I3 I l2 Iz I
K Ksd Ko
Ksps01a+ KsBsb15+ (Ksas-l*Kaas)ﬂm—'—;an wy—- ;s Sy — ;3 L wn=0
—Kﬂﬂ 4 Keds Kis 02+7K751 bt 5353 Gt <K4r4 Ksro>05
L ls Iy ls
+&“ oot Kilg, v <Km’ !{—9”)08— Kids Kby
bl l ls Is Iy
Kibs | Koy | Kby | Kibr | K85$_+5359
N A 127 )"
Ksps Koy
Kads | Ky, (&ﬁ_ﬁli)m Keysy _ Ke
ls Iy Iy Is ls I;

— 50 —

0




&&__KQT_B_) Kids ,  Kibs,  Kibr
< 7 L 12— l 013 L 014 2 015
) K.
_58_8_016_<{§5115 +.!_(3719> s +< £ +!§51
ls l5?
PHb K K KR,
ls? ls?
_I_(1C'5_101+ <_I(1)’_1__Egr1> K2520 n Kmmo Kb
L h Iy Iy
+< Kiogro Kﬁ]’l_l)as_ _Igl_ltj}_l o <K151 +K2€1
ho In In I?
Ko +_£(_11511 +<K27}2 _Kunpn )ws—-O
ho? In?
_17(25}‘02_{_ <,_K27‘1___1§37‘1>03_ K30304+>K11011 06
I3 s I3 I3 I8
K Kuyin ) __WK12512 <K2j}1 K )
+< In b )0 T O\ T e
<K2$2 Kafa Kuén Kz )
In ha

Ksnps | Kisma
—|—<—132 +- It >ZU4-0

K10010 09+< Koy Kurn > _ Kyion 0
1

lo Do T b1 "
Kié K K Kio K K;
+—1‘010 +< 7L —;Z"z'>014— ; 2(915-{-( lfl‘i‘ 12252
Koo Knéu Koy | Kunpu
+_—2_1:)2 ‘+- 1112_7>w“]‘<7—1_11277+ lll >ZU!1_0
K 3
_511511 1o+< Kuru __12712_)011__1{12 1,
I n la L
K K. K K; K K
+—;‘2014+<—l’22r‘2“——;53‘>015— 13”016—}-( 13?3+ 1112221'2—>LU4
_<_1.(_2’72__l§127u ) +<K iy | Kibs | Kb
1! I? wio lo? 15 hi?
)y g
he?
3
@3_03_*_ K3r30 L K612 Ot Koy Ot - Kw 1,
ls Is L Ls Ly
n K127’1_2_+ Ksoao +K§T30 6_{_<Ks773 +£‘.”IJL "
hs I I5? ls?
Ks&s | Kiske Kaps | Kiagn
( et zmz_>“" < 19 T g )en=0

EA RS () EEEFEANT TN 0 TEREVIREEFESTDOEEL LT RkbONRS, 2
— 60 —



DO FHITI=0 LB TRDLNLELDTH B,
BITTHIRBIL 7 2% 5D & 0N R B R A DA R E D, Lipt - T, KRkt
LT (1) R A, B, C, D OILAYE D, 1RE), KEE®L OO0,



RAFI394E 6 258  FIRI |
HAFN394E 6 H29H  RfT

BAEMTRBLEE B9 5 l

BTN OE m B '

LT HEAN BAOEREHES |

HHEBREEIRS

A #0 ¥R B < 8

B 55 (502) 2371~ 80

WG (421 ~ 426)

CIRIFR () % 22 % 2 R

¥ R FTEDR HAGTE 26
O (260) 2 8 07




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066

