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As the government encourages the replacement of small FRP ships with eco—friendly aluminum ships due to environmental

pollution problems, interest and demand for small aluminum ships are increasing, It is known that the vibration and noise of

aluminum ships are somewhat vulnerable than that of FRP ships, However, in the process of designing and manufacturing smalll

aluminum fishing boats, vibration and noise are not reviewed, In this study, vibration analysis is performed on three existing

aluminum fishing boats, and the vibration characteristics of small aluminum boats are identified, Through this study, we intend

to contribute to improving the vibration quality of small aluminum ships,

Keywords :  Aluminum vessels(2=0|= AE! Small fishing vessels(AS M), Vibration analysis(Xl=aHAd)
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Table 1 Principal dimensions of 4.99ton fishing vessel

Table 4 Main vibration sources of 9.77ton fishing vessel

Main engine Value Propeller Value
Model 4V222TH Type F.P.P
Num. of sets 1 set Num. of sets| 1 set
NCR 40 KW x 1,500 RPM U™ T | 4eq
blades
MCR 588 kW x 1,800 RPM  Diameter  {1.0160 m

% Reduction ratio : 3.5

Table 5 Principal data of 50ton fishing vessel

Hull dimensions Value
Length (O.A) 32.650m
Length (B.P) 24.500m

Breadth (MLD.) 6.000m
Depth (MLD.) 2.000m

Draft (SUMMER DRAFT) 2.295m

Table 6 Main vibration sources of 50ton fishing vessel

Hull dimensions Value
Length (O.A) 16.740 m
Length (B.P) 12.100 m

Breadth (MLD.) 3.200 m
Depth (MLD.) 0.800 m

Draft (D.L.W.L) 0.750 m

Table 2 Main vibration sources of 4.99ton fishing vessel

Main engine Value Propeller Value
Model WP12C450-21 Type F.P.P
Num. of sets 1 set Num. of sets | 1 set
NCR P95 kW x 1,800 RPM UM OF 1 4o
blades
MCR 330 kW x 2,100 RPM  Diameter |0.940 m

% Reduction ratio : 3.0

Main engine Value Propeller Value
Model 4V222T(H) Type F.P.P
Num. of sets 1 set Num. of sets| 1 set
NCR 340 KW x 1,500 RPM U™ OF | ey
blades
MCR 588 kW x 1,800 RPM  Diameter |1.780 m

% Reduction ratio : 4.95
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AFolME thratel TSsiAMo ARBSLL b= olo| A
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5083-H3210|M, S4IX|= Table 72t ZL}.

2

Table 7 Material properties of Aluminum 5083-H321

Table 3 Principal data of 9.77ton fishing vessel Young’s modulus 71 GPa
Hull dimensions Value Poisson’s Ratio 0.33
Length (O.A) 20.800 m Density 2.66 g/cc
Length (B.P) 17.800 m
MAHETREAS CHAL =0 235} x
Breadth (MLD) 4.400 m E7:||—|JJ-X|_|%—|—: l:Hc:) O1An_19-| T4 TS Injjon_l NCR(NormaI
Continuous Rating) 2 MCR(Maximum Continuous Rating) AEH
Depth (MLD ) 1.000 m o BT 8lmlsp| A5t Z710/0f Fig. 12| 518 Feiof s
Draft (D.L.W.L) 0.735 m Sich CHAM OfMe NCR =2 OfM AZAIZFE A MFIt
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5101 Table 81} 20| MASHZISTE AMSIACE

Table 80flA2F 0], 4.998 O{M2 fy < 27 Hz T2|1 51
Hz < fy < 54 Hz, 9.77& 042 fy < 23 Hz J2[12 38 Hz < fy
< 45 Hz, 508 M2 fy < 18 Hz J2[12 33 Hz < fy < 36 Hz
Z ol Md|o| DRASTI RIS I STIZFE TR of
M3k m2iA, OfAEQl M =242 MAISERISTe| M7t
4.9982 27 Hz 0|2k, 9.77 Hz= 23 Hz o|gk, 5082 18 Hz 0|

ool Ze2f & 5 ot

Allowable Zone l Critical Zone l Allowable Zone

ﬁ\’CR X 09 IZMCR X L

Fig. 1 Allowable zone and critical zone

Table 8 Design target frequency of 3 type fishing vessels

off Eh=X| X (simply supported) Z A =74 (boundary condition)
2 M2319ct MM} sfjAzE ol =2k 3 | CG(Longitudinal
Center of Gravity)2 Table 102 220, Figs. 2~4= MM
[ A DES LIEMACE

Table 9 Number of elements and nodes in FE model

Modeling Number of elementsl Number of nodes
4.99ton vessel 10,894 6,263
9.77ton vessel 18,009 8,750

50ton vessel 10,713 5,779

Table 10 Comparison of weight & LCG between vessel and

4.99ton vessel 9.77ton vessel 50ton vessel

fn < 27 Hz fn < 23 Hz fn < 18 Hz
or or or
51 Hz < fy < 54 Hz38 Hz < fy < 45 HZ33 Hz < fy < 36 Hz

fn - Design target frequency

oM Z2Ome =M 2ol 7= 2 ASsiAS
Qs F2 ARSI U= MSC Patran-Nastran 2022 H{ZE A}
St £ A0 FM U IR pHo| TRIESE 2
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=
vibration analysis) ZE o= 9| It Z= Sn} EF% TE=A

F.E. model
Shi Weight (ton) LCG (m) from A.P
; z Condition| [ FE [ | FE
yp Model Model
Lightship| 13.00 12.99 5.20 5.15
4.99t0
Full load| 16.00 16.00 6.00 5.91
Lightship| 28.00 27.99 7.35 7.12
9.77to
Full load| 51.09 51.00 9.16 8.81
Lightship| 87.58 87.73 10.69 10.36
50ton
Full load| 122.895 | 123.09 10.06 10.00

Fig. 3 Finite element model of 9.77ton vessel

Fig. 4 Finite element model of 50ton vessel
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Table 11 Draft conditions of 3 type fishing vessels

NCR (1,800RPM)
MCR (2,100RPM)
Critical Zone Il

Hull-Girder Mode (8.4Hz)
Hull-Girder Mode (8.2Hz)

Natural Freq. (Hz)

Ship Type Condition Draft
Lightship 0.680 m
4.99ton
Full load 0.750 m
Lightship 0.407 m
9.77ton
Full load 0.735 m
Lightshi 1.867 m
50ton g P
Full load 2.066 m

Table 12 Hull-girder vibration results of 3 type fishing

4.99ton vessel

vessels

Ship Type Condition Natural Freq.| Resonance
Lightship 8.4 Hz Safe
4.99ton Full load 8.2 Hz Safe
. . 3.18 Hz Safe
. Lightship 6.03 Hz Safe
’ Eull load 3.05 Hz Safe
5.68 Hz Safe
50ton Lightship 12.34 Hz Safe
Full load 11.28 Hz Safe

Lightship (8.4 Hz) Full load (8.2 Hz)
Fig. 5 Hull-girder vibration results of 4.99ton vessel

-
Lightship (6.03 Hz)

Full load (5.68 Hz)
Fig. 6 Hull-girder vibration results of 9.77ton vessel

i TR

Lightship (12.34Hz) Full load (11.28Hz)
Fig. 7 Hull-girder vibration mode of 50ton vessel

74 M & (campbell Diagram)
——propeller 15t Main Engine 15t

Hull-Girder Mode 1st

e Hull-Girder Mode 2 smwmHull-Girder Mode 31 emmm=Hull-Girder Mode 4th

Critical Zone Il

NCR (1,500RPM)
MCR (1,800 RPM)

Hull-Girder Mode (6.03Hz)

Hull-Girder Mode (5.68Hz)

Natural Freq. (Hz)

Hull-Girder Mode (3.18Hz)

Hull-Girder Mode (3.05Hz)

9.77ton vessel

7' M = (Campbell Diagram)
——Propeller 15t Main Engine 1t

LIGHTSHIP Hull-girder = FULL LOAD DEP. Hull-girder

\‘w\cal Zone lll

Natural Freq. (Hz)
B

LIGHTSHIP Hull-girder {12.34Hz)
FULL LOAD DER, Hull-girder {11.28Hz)

NCR (1,500RPM)
MCR (1,800RPM)

o

50ton vessel

Fig. 8 Campbell diagram for hull-girder mode
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Table 13 Local vibration results of 4.99ton fishing vessel

Area Natural frequency Resonance
68.4 Hz Not safe
Bottom 74.0 Hz Not safe
76.1 Hz Not safe
8.8 Hz Safe
25.7 Hz Safe
Upper deck
36.7 Hz Not safe
60.5 Hz Not safe
49.9 Hz Not safe
House top
72.5 Hz Not safe

LIERHRICH 2ERISsA 23} 5 4Hel A ) 1172 Tl
M DRASAT} Sel=iglT, ols E IHE Helst 7he| 7o
=] -

Table 14 Local vibration results of 9.77ton fishing vessel

Area Natural frequency Resonance
103.53Hz Not safe
Bottom 105.56Hz Not safe
116.95Hz Not safe
24.73Hz Not safe
48.98Hz Not safe
Upper deck
67.68Hz Not safe
77.89Hz Not safe
12.74Hz Safe
Deck house 19.62Hz Safe
28.16Hz Not safe
Wheel house 8.53Hz Safe

ey

Bottom (68.4Hz) Bottom (74.0Hz)

Bottom (76.1Hz) Upper deck (8.8Hz)

=0

Upper deck (25.7Hz) Upper deck (36.7Hz)
Upper deck (60.5Hz) House top (49.9Hz)

House top (72.5Hz)

Fig. 9 Local vibration mode of 4.99ton vessel

Natural Freq. (Hz)

7481 = (campbell Diagram)

= propeller 15t = rropeller 2nd Maii

—— Main Engine 3rd Bottom Plan 1st  ——Bot

150

NCR (1,800 RPM). I
MCR (2,100RPM)

Bottom Plan 3rd (76.1Hz)

\\ \ Critical Zone IIl
\

WRIANY

Natural Freq. (Hz)

Main Engine 1st
—— Upper Deck Plan 2nd-3rd

NCR (1,800RPM)
MCR (2,2Q0RPM)
Critical Zone W

Upper.D€dk Plan 4th|(36.7Hz)

Upper Deck Plgn 2nd-3rd|(25.7Hz)

10 Upper Dgck Plan 1st (8.8Hz)

392
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74 M = (campbell Diagram)

——propeller 2nd Main Engine 15t

e 3rd House Top Plan 1st

100 /

House Top Plan 2nd (72.5Hz)

—Main E

70

N

60

s0

Natural Freq, (Hz)

N

10

NCR (1,800RPM)
MCR (2,100RPM)

Critical Zone |1l

House top

Fig. 10 Hull-girder vibration results of 9.77ton vessel

Bottom (103.53 Hz) Bottom (105.56 Hz)

Bottom (116.95 Hz) Upper deck (24.73 Hz)

Upper deck (48.98 Hz) Upper deck (67.68 Hz)

House top (12.74 Hz)

House top (28.16 Hz)

Wheel house (8.53 Hz)

Fig. 11 Local vibration mode of 9.77ton vessel

Natural Freq. (Hz)

80

74 M & (Campbell Diagram)

Main Engine 3rd ——Main Engine 4th
——Main Engine Sth Bottom Plan 1st
——a8ottom Plan 2nd ——a8ottom Plan 3rd

Bottom Plan 3rd (116.95Hz)
Bottom Plan 2nd (105.56Hz)

Bottom Plan 1st (103.53Hz)

NIX

NCR (1,500RPM)
MCR (1,800RPM)
Critical Zone Il

£%§§§§§§§3§§§§§§§§§“§§§§§§§§§§§§§§§
RP;. SORRI58388 £33

Natural Freq, (Hz)

o

74*4 M & (campbell Diagram)

——Ppropeller 2nd
Main Engine 2nd
Upper Deck Plan 1st

——Upper Deck Plan 3rd

——Upper Deck
——Upper Deck

NCR (1,500RPM)
Critical Zone |1l

\ MCR (1,800RPM)

Upper Deck Plan 4th (77.89Hz)

Upper Deck Plan 3rd (67.68Hz) /

) <& /
L /

Upper Deck Plan 2nd (48.98Hz) <%

Upper Deck Plan 1st (; 3H;

Upper deck

Natural Freq. (Hz)

74l M & (campbell Diagram)

=——Propeller 1st Main Engine 15t

——Main 2nd Top Plan 15t

Deck Hou: IopPé(Zs.lSHz)

3 Déck House Top Plan 2nd (19.62Hz)

€ Foag
& S
& R =
& S
& RO
W Deck House Top Plan 1st(12.74Hz)

Deck House
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74 M & (campbell Diagram)

——Propeller 1st Main Engine 1st Wheel House 1t

NCR (1,500RPM)
Critical Zone [1I

MCR (1,800 RPM)

Natural Freq. (Hz)

Wheel House 1st (8.53Hz)

Bottom (61.64 Hz)

Wheel house Upper deck (17.88 Hz) Upper deck (20.88 Hz)

Fig. 12 Hull-girder vibration results of 9.77ton vessel y
50E AM<7loiMe wlel 32 M= UCk 508 oM Upper deck (25.94 Hz) Upper deck (27.86 Hz)
o ZEXIF5HA Zufel 2|X|E Table 152} Figs. 13~140i| LIE} a
LiICE =EZISsHA 2ot & 4742 o3 L) 15742 FollM ﬂ
DRASTI ERILAT, 0| T 27HE H(QSH 13712] Tiof|
M ZA 7E=Mo| =) House top (16.73 Hz) House top (24.16 Hz)
Table 15 Local vibration results of 50ton fishing vessel ”
Area Natural frequency Resonance House top (27.86 Hz) Wheel house (28.76 Hz)
36.64Hz Not safe
39.62Hz Not safe —
Wheel house (31.54 Hz)
58.88Hz Not safe . o
Bottom Fig. 13 Local vibration mode of 50ton vessel
61.07Hz Not safe
61.64Hz Not safe '8 & (campbell Diagram)
72 92Hz Not safe oo i
1 7 . 88 HZ Safe Bottom Plan 6th (72.92Hz) g g
20.88Hz No‘t Safe Bottom Plan 4~5th (61.07Hz, 61.64H2) //g g
Upper deck Bottom Plan 3rd (58.88H2)
25.94Hz Not safe K
27 86Hz Not safe Lo
16.73Hz Safe
Deck house top 24 .16Hz Not safe
27.86Hz Not safe
28.76Hz Not safe
Wheel house top
31.54Hz Not safe
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749 M & (campbell Diagram)

ler 1st ler 2

Jeck Plan 4th|(27.86Hz)
Jeck Plan 3rd|(25.9442)

eck-Plan 2nd (20.88Hz)

Natural Freq. (Hz)

beck Plan 1st|(17.88Hz)

NCR (1,500 RPM)
MCR (1,800RPM)

Critical Zone Il

Upper deck

748 M & (Campbell Diagram)

——Propeller 1st

. &
35 & &
</ aF
5 &
30 & °s>
< Deck House [Top Plan-3rd(27.86Hz,

Natural Freq. (Hz)

D)t@ Top Plan 1st{(16.73Hz

NCR (1,500 RPM)
MCR (1,800 RPM)
Critical Zone

Deck house top

Deck House f6p Plan 2nd [24:46Hz)

)

)

7' M £ (campbell Diagram)

= Propeller 1st =——Propeller 2nd Main Engine 1st

== ain Engine 2nd Wheel House 1st ——Wheel House znd

Wheel House 2nd (31.54Hz)

Wheel House 1st (28.76Hz)

Natural Freq. (Hz)

NCR (1,500 RPM)

MCR (1,800 RPM)
Critical Zone |1l

RPM

Wheel house top
Fig. 14 Hull-girder vibration results of 9.77ton

vessel
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