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ABSTRACT

There is a growing interest in providing a comfortable environment for crew members aboard
ships. As a result, the International Organization for Standardization (ISO) and the Korea

Register, an organization that evaluates ship classifications, have established regulations presenting

vibration acceptance criteria, which are continuously revised. To meet these vibration acceptance

standards, shipbuilding companies are consistently investing in research and development, to ensure

that newly constructed ships operate without issues. In this study, an optimal design investigation

was conducted from the perspective of avoiding resonance to identify areas where excessive vibration
is expected during the early design phase of ship construction. In this phase, the resonance of the

main excitation sources and the hull structure were evaluated, to determine whether the vibration

response levels meet the acceptance criteria. Structural optimization was performed to reduce vibration

in areas prone to excessive vibration using the optimization module of MSC.Nastran, a commercial

software, and the results were compared.
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Fig. 1 Research model for 4000t class fishery training vessel

Table 1 Specification of

subject vessel

Table 2 Information of excitation source for main

engine
Length O. A abt. 95.30 m
Diesel
Length B. P 89.80 m iesel mode
Breadth(MLD) 15.40 m Engine fype TH35DFP
Depth(MLD) 8.40m Speed [RPM] 750
No. 1 2
Draft(D.L.W.L)(MLD) 530m Order
Draft(S.L.W.L)(MLD) 5.50m [Hz] 12.5 25
Reductiqn 441 ¢ 1 Extjrnal forces Force H. [kN] 0 0
gear ratio and moments V. [kN] 0 0
) Propeller CPP, 4 Blade Moment H. [kNm] 3.6 0
Propulsion V. | knmp | 328 | 256
system Main HYUNDAI
engine TH35DFP No. | 35 7
Guide force Order
3500 kKW x [Hz] | 438 | 87.5
MCR ; moments
750/170 r/min Moment [kNm] | 78.9 | 17.7
Gas mode
22 2EH 17y &M Engine type 7H35DFP
(1) F71¢% 7He 54 Speed [RPM] 750
AT e FrH 1% 484 T|vew, A% No. | 1 2
Order
23874 713kl nlsf 7Rzl o] ol e Al HE [Hz] | 125 | 25
@Eoﬂ}\il—‘: T8 7 ]';1(_]% EH}B]'OHH Xﬂ-ﬂﬂj— 9)\ External forces Force H. [kN] 0 0
A5 g el B9, Ak o] s AA 7] and momens V.| BN |0 | o
7} #hom] A 29 15020283-5:2016(E)F & Moment || KNml | 36 | 0
Aoz, Folwe] 174 33 ARl ga 7hag V. | tkNm] | 328 | 256
o] AFT @ AA AuHow deslo] oFE onder | No |35 |7
- - Guide force
HA 2 B0 el BBl WA AE  pomens 2] | 438 | 875
of AN ABel YRS VN Fo Y oz Moment | [kNm] | 789 | 177
debate] H7)ali k. Table 20 A7 A ZAL A A
& T Y ARE YeRlen, A A%S Fske /HYS el Q) s At
O 73] 9Py 55y BEe i3 Fig.29F & oF d& 3 7|#eg, ud R} vpa BE
2ol 14}, 22k RHlE 9 HY, X¥ 53 22 HEH o /RES nugrd oY BdHE: $U3 7]
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Fig. 4 Model ship of cavitation test

Table 3 Propeller principal particulars

Type Controllable pitch propeller
Diameter 3.8m
Number of blades 4 EA
Bow
Port T@ Starboard
0.125D
0.125D
l @ @ Prop. Plane

%stu;@ﬁmzs

._._._.63 ®

Shaft Center Line

Stern

Fig.5 Location of pressure transducers
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Fig. 7 Propeller surface force variation

Fig.9 3D finite element model

Table 4 Element type of 3D finite element model

Element type Number of elements
Lumped point mass
(CONM2) 1337
g+ PROPELLER SURFACE FORCE Beam 3521
Shell 10176

Fig. 8 Applied direction of propeller excitation force
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Fig. 11 The response curves at open recreation space
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Table 5 Vibration analysis results based on optimal design
of deck plate thickness

Deck plate

No. | Thickness Fre[c}};:]n cy W[ilgg]ht DeE/]izt]lon Response
Orig 8T 12.631 22990 0 2.027
1st 65T 13.136 21530 -1460 1.836
2nd 7T 12.964 22020 -970 1.858
3rd 75T 12.795 22500 -490 1.979
4th 85T 12.472 23470 +480 2.521
5th 9T 12.318 23960 +970 2.642

Table 6 Vibration analysis results based on optimal design
of primary member length

Primary member(Gir./Web) length

No. | Length Fre[q}lllze]n Y V‘Eiigg]ht DeE/liagt]ion Response
Orig 180 12.631 22990 0 2.027
Ist 170 12.026 22860 -70 2.194
2nd 175 12.329 22920 -130 2.097
3rd 185 12.932 23060 +70 1.803
4th 190 13.232 23120 +130 1.606

Table 7 Vibration analysis results based on optimal design
of primary member thickness

Primary member(Gir./Web) thickness

4.2 Open Recreation Space =& M7 sfA
Z1}

Table 5 ~ Table 70 2k 22| A 3] gk A
Al W42} open recreation space 3rd X.=9] I3
T 9 AT Hshl e Fx 3% WHIE

H] 1l 3}o] ‘JrE}LHOi‘“/} HHREE Sl Ao M7
ElL}= open recreation space Y5 EW ZIE
T2 primary member?] AUIXE F3 24 HA

73 Table 80l A2lste] HeEpSIT

Z} Aol W & A A3}, deck plate T4 6.5T
3}, primary member®] Web o] 190 mm ©]/d &
web T/ 13.5T ©]%, primary member Bj%] 7t
1600 mm ©|3t% 7%, 71 3|95 93 HH3H
Tehs Ao YERTE 7F Alo]2 T deck plate
E 6.5 TE F48k= Zlo] 77 SHAAME 1460 kg
aste] HA A 20e 7P ek 2ol
TE A SHA ERtsels At Uekson,
primary member®] web o] 79, EHF M- T
Ao I8l web o] S7FE E7HeE Adstolth
wpeba] HA AA A F v 2 244 3
55 F/M o2 13} primary member B3|
Aol we HA AA Aol~E AdEeitt Fig. 14,
Fig. 159 primary member AJ8jX] A=} Afuj=|
T AdE vYeglen, 3 A7 HAseld
3rd =9 1{A%55+= 9 1 Hz 5713 13.61 Hz,
A= 570 kg S7181e] MCR conditionoll 4] 37 3]st
Aoz FRIFTE Fig 16014 &4 A /%5 33
ko] ek A Aws golst 4 ol HAsE &
71 39 AAE AdzlsRe A-gste] A 1

oo it N orlr o

N o

i inti S =35} Ax o) 3 Z APy
No. | Thickness Fre[q}lll;]ncy “Eilg]ht DeEfliat]lon Response < 5343t E“’h Fig. 173} o] 713 12} 31A 83}
£ £ &% 3l E0om, Fig. 18] 75 U4 W7ol A
Orig 9T 12.631 22990 0 2.027
Ist 95T 12.694 23130 +140 1.986
Table 8 Result of vibration analysis according to optimal
2nd 10T 12.755 23260 +270 1.972 desi .
esign through rearrangement of primary member
3rd 105T 12.814 23400 +410 1.968 )
The rearrangement of primary members
4th 1T 12.871 23540 +550 1.964
4800
9, (X) =~ <4800
Sth 115T 12.927 23680 +690 1.930 X+1
6th | 12T 1298 | 23810 | +820 | 1.926 %X =w, 213125
7th | 125T | 13.032 | 23950 | +960 | 1.932 Case | frequency | Weight | Deviation | p .~
[Hz] [ke] [ke] P
4
8th 13T 13.082 24090 1100 1.928 Orig 12.631 22990 0 2027
9th 135T 13.131 24220 +1230 1.854 Mod 13.609 23560 +570 1.425
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Original Drawing
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