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Abstract

Most of the medium-size ships are powered by large-bore, long-stroke, slow-speed and
two-stroke dicsel engines in order to improve the fuel efficiency. Such a propulsion plant develops
low-frequency excitation forces/moments of significant magnitude. A RO/RO car/truck carricr
is also onc of the cases.

In this paper, the rational methods for analysis of vertical and coupled horizontal-torsional
vibrations arc presented. Taking account of unusual characteristics of the hull form and
structural systems, the emphasis is put on modelling methods based on beam analogy, calculation
of system parameters such as added mass and its center, polar added-mass moment of inertia,
shear cocfficient of hull sections and coupling degrce in antisymmetric modes, and modal analysis
of forced vibrations.
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Fig. | Approximate system of discrete eccentric
elements for coupled horizontal and torsional
vibrations
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Table 1 Principal particulars of the ship adopted for
numerical calculations.

Type of ship RO/RO Car/Truck carrier

Length o.a. 195. 00m
Length b.p. 182.40m
Breadth, moulded 32.00m
Depth, moulded 30.95m

Draught, design 11.00m
DWT on design draught 9,300 tonnes

Service speed, design 19.0 kanots

draught
No. of fixed decks G
Ballast condition:
Draught, mean 7.916m
24,860 tons

17,480 PS at 93.2 rpm

Displacement
Main engine
3.2. #Efk A% Y system parameterEsE
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Table 2 Comparisons of shear cocfficients of midship
sections: vertical mode.

Shlp typo ’ ko ‘ k. i ks
RO/RO ship " 0o102 1 0.104 0.106
Container ship ' 0.214  0.220 | 0.225
Bulk carrier  : 0.161 ~ 0.170 | 0.180
Ore/Oil carrier | 0.248 | 0.256 | 0.266
Chemical tanker | 0.256 | 0.257 0.269
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Table 3 2-D added mass, added mass center and polar added mass moment of inertia of midship
scction: ballast condmon

Add;éloéréais cfnter Polar added mass

; } (horlz mode) moment of inertia

} ) Ad( Ld mass(t/m)

Vertlcal mode Horiz. mode (tors. made) (£-m?)

Frank’s method 4 495. 25 1 47.75

6.46 } 7,882.6
Lewis’ method 426,52 ‘ 41.13

6.04 [ 7,625.0

1.0 Container Ship
(L, xbxD = 279,0%32.2%21.5)
0.9 /
/ T —-\

Carga Ship |2 Gce Carrier|Bl
G617 (L,,*BxD = 145.0x19.5%12.3) /(L,,‘B‘D = 210.0%32.2x17.8) \
[ APV ol pran g o ot
T — ~
0.0 F N\ / ot - " - n= N i ‘—71
/
;g / Ore & 011 Carrier (B \/(
-n.2 ~/// (LuXBxD = 208.0x32.2x16.4) \/// \

-0.3 »é %0-RO_Ship
(L, <BxD = 184.2x32.0%30.95)

Fig. 2 Ratio of weight center height above shear center to depth: ballast condition.

Table 4 Natural frequencies of vertical modes: ballast condition,

152.4
149. 4
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| ‘ '-_1,304 tons T=8. 4.)m

I to ro
i
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Table 5 Natural frequencies of coupled horizontal
-torsional modes: ballast condition.

. (cpm)_
Uncouple assumed Coupled
Horlzontayi’{lo‘rrslo‘nilr Node ‘Iir_e—quency o
N.: .
Node | Freq. Nodei Freq.| H-T dcetlail ](VIE[;') —%?
B i oo pealet T LT
2 | 124.4) @-1 | 123.0] 123.0/ 1.000
L1 11977 2-D)| 217.7] 203.8 0.936
3 1275.5 -1 | 268.9 194.2 0.722
2 1322.0| 2-@| 351.4| 329.1 0.937
4 1 4239.1 4-4 | 418.0 429.21 1.027
3 | 430.6 4-®| 489.0 483.9; 0.990
5  601.7 ®-4 | 567.5| 536.2 0.945
4 1572.9] 5-4| 656.4] 655.1 0.998
6 | 773.2 -5 | 725.9] 689.1] 0.949
| 5 | 736.4| 6-5:| 822.5 841.9] 1.024
O prédominant mode
A7 moded] BIfFIEENE Hob ozt ol m, EHkE
o] ¥l & modeq] A-follE 2 AFo] KZE mode 7 -
o k) JERREK vl Fmoded] [EATEEHR T o7
=% o4 5 U
Table 5ol Ohtaka $[237c] H—EmE LT =ula
St 22 BRER RS FL#EER
. 1
Ne= gy Ly { VR ND)
= (N ~+er>2—4<1—gz>"zv,;f1v;f} (19)
&} 7] A

Table 6 Generalized mass, M,;, and stiffness, K, :

BWR, HAH, #EM,
Nlﬁ ZVT

@, S, B
DAE R OARTE o u ST IEE B (cpm)
s (et SUEHRLE LY AR, « BT
o BUERERGol AR [ R MR
+ | FHE@o] v Hmode #)
D FigEhol KFmode =
SgE Al A A 3 Nesb Fof 7
RelAl o= FRRBE TR e
Ne8l Aol 3-1 modeE
%, Ohtaka E9] £l
] oPHEE A oS-
o,
3.4, SRR E L

2,270 A 71<€%F w9} 7Eol, modal fEkTel glelAl
3.33 9 EHEBHE ASE AAdoez Agsid,
TR EME B 9 ZAAA, HnkESE 2
BRdlt:e] fRBZRe © & Wi Fol mode HAZH
el m A= 8, WMFES cross-modes F F
Ak AlAbdwlol A3 Qe Ams B
o} c},

LTRSS

modal ol glel A, [7]e} Rl A2 gle] wha} —
At (M) 2 — B bl P [K,s]
 r=s=77}A AA4q A3 Table 63 b, —i
LB E ORI Al 4ol Qo M E HWEBHHe AmuEEas
2HE Y =, SIRMENGE «E 9 YRR SRR
BGell W3l a, 2 7t-2 Hirowatari(24]9 A3 =,
a(sec)=1.1%107%, f(sec)=0.7x107%) A}-4-5 9},

_. P
o=
£

ek (14)9) F5el

g AW Neot
Alseta 7% wnpe]vh,
RO/RO# 2l KR ESAT 2 8)
BhA o] et
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o o] o,

]r“ ') AT
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T
7

-
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oA
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E 2] ~

==

€ 2] ~
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vertical modes in ballast condition.

(a) M, (ton-mé)
modal index 1 2 3 4 S 6
i 1156.6 3.5 -73.8 -17.6 441 -55.1
2 1.3 1124.7 25 -89.7 2142 552
3 -18.2 1.6 1061.2 | 100 | -1175 -10.8
4 2.3 -33.8 71 13706 | 404 | -1750
5 78 | 21 -56.0 294 | 16476 113.7
6 D26 g -0.9 981 | 900 | 3206.3
(b) K” (kNm)
[modal index | 1 ‘ 2 3 4 s [ 6
v lromsia | sias 66249 | C1sT8T 39643 | 49444
2 L3322 | 2870097 636.7 | -22900.1 236143 -14094.1
3 93134 | 8438 543059.0 | 51357 -60152.9 -5504.4
4 -1968.1 -28548.8 59985 | 11562437 | 340808 -147638.0
s 9954 8 26250 | -71492.0 | 375405 | 24855339 | 1451433
6 6513 | 247655 | 16589 | -1722869 | 1579812 | 56308019 |
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Table 7 Generalized damping Crs : vertical modes in ballast condition.

(ton-mi/s)

1 2 I

| 5

modal index K 3 4
1 1169 1.2 9.8 1.8 11.5 -4.4
2 1.3 276.9 2.1 0.6 -2.0 1.2
3 -4.4 3.2 509.6 5.1 -26.8 -6.8
4 -0.2 -29.4 9.7 1028.3 27.0 -109.6
s -20.3 34 -87.4 458 2143.0 139.1
| 6 2.4 566 | 150 | -2436 210.1 48523 |
AN4AT T, —Hpb el £ ~0CJE Table 73t BEHBAR A AR B TEEENE 5,
stek, &bm, Table 79 #famESR C,, & 1SSC-1982 1kN-me 9% station 1(A.P.)ell A9 uipiRiiE A

guideline( 119 A4z -8l
C, ok vl %t 7o) Table 89ldl, @ie] 2% &t

A4 " modal WFEFREK

Ao 2 A Table 98 3heh.

case 19 =&}

19000

JERKEE Aol glelAl (6),(T) 2 (8l A%
A S Table 6 2 714 (M, (K0 % (g # ]
)'Jm/‘ii-l%' nhe Aste Al ol F case 12 S, g 1600 1
olel Hatel case 21 (M) 2 (K.oJol @otel HWAM &
T o At A 9 case 31 (M), (K13 (Crs) 3200
o JpfagEEs ndste AE v FHLE A
AF3iel. case 2 % case 39 AAE AAE (734 A 2807
o gm, WAANYEL Fawzy §026)9 W< 2400 4
ahgl o},
Table 8 Comparison of modal damping : vertical 0
modes in ballast condition. 1600 |
(ton-mzls)
Node Crr of Table 7 CrV 12007
2 116.9 98.6 a0
3 276.9 268.2
4 509.6 502.2 00 -
5 1028.3 1061.9
6 2143.0 2268.4 k 70roo 9000 1000 13@ \5'000 17000
7 4852.3 5114.8 Power at MCR {kwl

1) Based on mean values of

guidelines.

ISSC-1982

Fig. 3 External 1st and 2nd order moments of

two-stroke engines[(26].

Table 9 Resonance response at station 1 to 1 kN+«m vertical unbalanced moment of main engine:

ballast condition.

FoH ARG TR AT 1B 19905 37

Resonance Amplitude (wm) T T :j
Natural Case 1 Case 2 Case3
Nade frequency Contribution of Contribution Contribution Contribution
B (cpm) Resonance mode only up to 6th modes up to 6th modes up to 6th modes |
2 90.5 10.128 10.124 10.124 10.5:41
5| 1525 3.095 3.095 3.096 3.078
‘o 216.0 1.002 1.002 1.004
3 I 0.293 0.294 0295 1
K DT 0.049 < 0.050 oot L.

A1
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S = o 3,500kN-m, 6 4@t} = ok 2 000kN-me] o},

Table 9] case 1 9 case 3 -2

A Ad S vmed 2o Aot 2,3 9 47 4t o)

el & 0.76, 0.29 9 0.31mme) t}.

KE - HI BB RS
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Table 10 Generalized mass, M,,, and stiffness, K,

th. [7)e] Hel A Fo] wal A4

HfgmER S

: coupled hori.-torsi.

j] z]— - 71

el o]

BT, ARG, ME", Ee, TEE, B
HE I R ) m UMed 3 —BHEl =) 22 (K19 Table 10.
Z1e] el A stan ol e femiel e o LCA T Table 11e) gl o,
AN o) PN E S $ Aol glol Al PRI B sb e
A A B} 5 AHES . (K 9 1607 1 FiRE o=
gl Bl el ol f3 KRB o 9 AN A
Al Aol glelAl .28l 9l ulel Bo o) g EiE 4N
Adel a8t 4L A goks o o 2
3, 500kNmel } 3 (K) 8 (G 2% s ol -fé‘iffﬁﬁi
A ot FTIRE el ma 2 e, Yy ECH
o glo}Aliz wf £ =},
WEZA Aol glet A} (6), (10), (11) 0 (12)e] o] 75
-4l =) o) A4 Table 10 9 11614 (M,,), (K3 2 (C.e)

- case 13

modes in ballast condition.

() M, (toa-m")
[Node No. | 1 2 3 4 5 8 T 9 T 0]
T 9185 4171 19 493 214 s63 | 201 349
2 134 | s2nwo | 203 198 | 3176 | 5018 | -BL6 439 910 | 1089
3 04 1 1360 | 1195 3 35| 27| -us 2763 11 212
4 5.1 652 D1 | 5033 | 472 2403 | L1297 16285 | 1834 374
5 03 880 15 340 | [4Hs | 17 05 569 | 203 33
6 14 -1002 08 | 1249 | 126 | 55158 6.1 1269 01 649
7 D1 0.1 238 518 03| 1] 17016 2356 | -185 383
8 21 516 | 499 sy | Taa | 753 | zos | 253150 | szid ©2
9 06 | 83 02 367 72 98 | -8 4350 | 20521 1233
10 09 | 11 26 79 16| 262 | -01 71 | w2 | s
(b) K (MN-m)
Node No. 1 2 3 4 5 6 7 8 9 10
1 1540 30 | 03 83 03 36 03 94 34 538
2 730650 | 1082 886 | 1657 | 2618 | -2043 269 475 886.4
3 951.4 73 28 22 94 2197 09 169
4 78T | 641 | 323 | 1762 2119 249.1 508
5 781 | 329 09 1072 382 749
6 144063 | 1466 #14 52.4 169.6
7 SYM. 5788.1 9716 | 63l | 1301
8 11149900 | 2211 044
9 B 10895 | 07
10 ) J N I =T

Table 11 Generalized damping C,,

: coupled hori.-torsi. modes in ballast condition,

I
(ton-m7s)

Node No. | 1 2

Journal of SNAK,

3 4 5 6 7 5 | 9 10
1 1879 -523.1 78 1.1 -103 5.1 2%6.6 1310 401 219
2 224500 | 25781 | -11927 | 1338 | 20559 | 2061 18897 | 10163 | 32380
3 9985 | 15059 | 240 | 6517 | -1071 | -12787 2136 3134
4 02540 | 14038 | -5217.7 | 20914 | 206390 | 12179 | 26966 |
5 26761 | 1108 | 9110 [ -143720 | -10158 340.0
5 SYAML 130730 | 26834 “368 | 9655 | 63102
7 49150 | -151280 880 | 31677
8 974490.0 | 333660 | 331060
9 | 8s051 | 80381
10 B | | | 639610 |
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Table 12 Resonance response at station 1 to 1 kN-m horizontal unbalanced moment of main

engine: ballast condition.

Resonance Amphrudc (pm. nrad)
Natural Case 1 Case 2 Case 3
I Order frequency Contribution of Contribution Contribution Contribution
I No. (cpm) Resonance mode only up to 10th modes up to 10th modes up to 10th modes
! Hornizon, Torsion Honzon. Torsion Horizon. Torsion Horizon. Torsion
1 123.7 7.807 47.0 7.808 47.0 7.809 46.2 7.813 48.0
2 218.1 0.048 79.3 0.045 79.3 0.068 98.9 0.070 109.6
3 2693 0.608 14.8 0.608 14.8 0.609 16.8 0.610 11.7?
4 351.9 0.038 234 0.038 234 0.042 23.1 0.045 274
5 414.5 0.103 1.0 0.104 0.9 0.104 0.7 0.105 0.9
L6 | 4880 { o009 | 34 0.017 34 0.017 32 0.018 46
ole] &l case 2 W case 3% [FiREIN o o] A9 ulaf o - L ghe] sz, Poissony] Ty F-A sk w99
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