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A Study on the Characteristics of Vibration and Noise in Small Boats

Han Kyu Choi

Department of Interdisciplinary Program of Acoustics and Vibration,
Graduate School
Pukvong National University

Abstract

Most of the wvibration, noise and underwater noise generating in small boats
come from shipboard machinery such as main engine, generator and auxilary
machinery etc. In order to build up the comfortable environment for the crew and
to reduce the ambient noise, and provide basic materials for reasoning selection
application, the design under allowable vibration & noise conditions and the
examination of vibration condition of the new ships, this paper researches the
frequency spectrum and order analysis of vibration, noise and underwater noise.

The obtained results are summarized as follows:

1. The hull order characteristics were showed that third order frequency is
prominent at the stern parts, wheel house, front superstructure, upper and bottom
crew's room, top frame of engine room fore end bulkhead, top frame of fore peak

bulkhead, after end bulkhead of engine room, port and starboard fuel oil tank,
bottom frame of engine room. The engine order characteristics were showed lIst,
one and half, 2nd and 3rd order are apparent at top after end of main engine, top
forward end of main engine. Generally, the vibration of main engine is caused by
the exciting force of the engine itself. The longitudinal vibration at front

superstructure 1s the evaluation part of the effects of vibration on passengers and

,Xi_




crew comfort, in case of the vibration amplitude less than orders hull parts. The
vibration at top frame of engine room forward bulkhead has no vibration problem
due to less than orders hull parts. The vertical vibration at reduction gear, top
after end and forward end of the main engine, top port and starboard after of the
engine bed, top port and starboard forward of the engine bed are higher than
athwartship vibrations.

2. The vibration at bottom of frame of engine and top frame of engine room fore
and bulkhead is lower than the criterion of DNV, so it indicates that there is no
frame problems. The vibration of upper and bottom of crews room is also lower
than the DNV guideline, for the main living room, the more lower requirement is
necessary. The vertical vibration of top forward end of main engine and top after

end of main engine is higher than the DNV guideline about six and seven times.

3. Through comparing the small boat internal noise with the regulation of IMO
and DNV, it revealed that the noise level of main engine room accords with the
standard, and the noise of other places are beyond the values. In this paper, two
boats are analyzed, which are same type, same size and power, but the main
engines noise of them is different. In order to search the noise source, the noise
of main engine room and relative parts are measured. The third order of measured

points is dominant in frequency domain by the order analysis.

4. The underwater noise of 10ton class fishing boat is measured and the
frequency spectrum in varied revolution of engine 750, 900, 1000rpm is analyzed.
The frequency pattern is similar to cach other, the faster revolution of engine
increase, the higher frequency spectrum level becomes. In comparison of spectrum
level of underwater noise between 10ton class and l4ton class boat, the former
level is higher than the latter. The frequency spectrum of two 14ton class boat is
similar to each other, but the spectrum level is a little difference, it indicates that

there is difference by fitting condition of engine.
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Table 2.1

Principal specification of the observed small boats

Main Main

Fishing Hull GT Length Breadth Depth  Building  engine engine

boats (ton) (m) (m} (m) year power speed

(PS) (rpm)

A FRP 11 15.56 3.90 111 2000 360 2000

B FRP 9.77 14.40 3.79 1.19 2001 350 1800

C FRP 977 14.40 3.79 112 2001 402 1800

D FRP 499 10.00 320 1.00 2000 238 2000

E FRP 6.67 11.72 324 0.90 2000 316 2000

F FRP 6.63 11.69 324 0.90 2000 316 2000

G FRP 5.89 1097 3.06 1.02 2000 265 2000

H FRP 14 16.03 4,12 1.43 1998 412 2000

| FRP 14 16.03 412 1.43 1998 412 2000

J FRP 9.77 14.32 410 1.12 1998 340 1800

K FRP 6.63 11.69 324 0.90 2000 316 2000

L FRP 7.93 13.07 363 1.07 2000 350 1800

M FRP 4,99 9.81 3.06 0.96 2000 302 2160

N FRP 6.63 11.69 324 (.90 2000 316 2000

0 FRP 3.90 9.15 276 0.83 2000 283 2000

P EFRP 495 10.00 333 0.88 2000 290 2200

Q FRP 977 14.32 410 1.12 1998 315 1800
A : Myungyang-ho, B : Gilhung-ho, C : Jekyung-ho, D : Sinsung-ho,

E : Sunryung-ho, F : Yuram-ho, G : Sunyae-ho, H : Myungseng-ho,
I : Kwangyung-ho, J : Haesung-ho, K : Dongmyung-ho, 1 : Daepung-ho,
M : Daeyung-ho, N : Kwangsin-ho, O : Sinsaeng-ho, P : Namdeg-ho,

Q : Haesung-1ho




Table 2.2 Principal specification for main engine of the observed small boats

Small Cylinder Fire Explosion o Prlg)lgziller Gear Gear Pinion
boats number ordering (p}:?s;,;e Z}_);::S nmnl:er ratio number number
A 6 1-5-3-6-2-4 1274 2000 3 342 82 24
B 6 1-5-3-6-2-4 131 1800 3 4.04 101 25
C 6 1-5-3-6-24 136.5 1800 3 354 85 2%
D 6 1-5-3-6-2-4 120 2000 3 119 95 31
E 6 1-5-3-6-2-4 105 2000 3 253 76 30
F 6 1-5-3-6-2-4 105 2000 3 2.53 76 30
G 8 1-2-7-3-4-5-6-8 120 2000 3 2.51 73 29
H 6 {-5-3-6-24 124.5 2000 3 4.04 101 25
| 6 1-5-3-6-24 124.5 2000 3 4.04 101 25
J 6 1-5-3-6-2-4 124.5 1800 3 3.25 78 24
K 6 1-5-3-6-24 105 2000 3 2.53 76 30
L 6 1-5-3-6-2-4 124.5 1800 3 292 76 26
M 8 1-5-7-2-6-34-8 105 2160 3 2.57 90 35
N 6 1-5-3-6-24 105 2000 3 2.53 76 30
0 6 1-5-3-6-2-4 122 2000 3 2.57 90 35
P 8 1-5-3-6-2-4 118 2200 3 2.51 73 29
Q 6 1-5-3-6-2-4 124.5 1800 3 4.04 101 25
A : Myungyang-ho, B : Gilhung-ho, C : Jekyung-ho, D : Sinsung-ho,
E : Sunryung-ho, F : Yuram-ho, G : Sunyae-ho, H : Myungseng-ho,
I : Kwangyung-ho, J : Haesung-ho, K : Dongmyung-ho, 1 : Daepung-ho,
M Daeyung-ho, N : Kwangsin-ho, O : Sinsaeng-ho, P : Namdeg-ho,
QQ : Haesung-1ho
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2y ddbel e AFo FAHALHE Fig 229 o] 7MEREA(B&K, 4383),
nhol =1 2 Z(B&K, 4189), FE7|(B&K, NEXUS), 3]H+ZA7|(B&K, MM0024), |
ol €] # = T|(SONY, PCH244), 9 A & * 37 ¥ (Tektronix, THS720A)E TAl 8t o
M. 1 4% F8 AMFS 89k Table 233 Zrh

Oscil loscope

Portable NEXUS

Data >
. Conditioning

Acquisition el

Unit Amplifier

Tachometer
Accelerometer

Note Book

Microphone

Fig. 2.2 Arrangement of the measured and the analyzed instruments
for vibration and noise




Table 2.3 Specifications of measurement and analysis instruments

Equipments Specifications

Data recorder Relative tape speed : 3.133m/s(normal speed),
6.266m/s(double speed)

S/N ratio : 42dB or more
Input range : +10Vp, £5Vu, 12V, £ 1V{dtypes)
Output level : T 1 to +3Vp(variable continuously)
AC(using pcps22) Voltage : 100 to 240V
Frequency : 50/60
Battery : 12v 2.3Ah(using NP-1B)

Portable data acquisition Type 3032A : 6/1-ch, Input/out
unit(2827) & pulse Type 7533 . LAN Interface module
software DC power : 10—~32V

AC power : 100~240V

Noise and vibration analysis

Data recorder

Order analysis

Time capture

Accelerometer Reference sensitivity at 159.2Hz : 3.153PC/ms™
Upper frequency limit : 8.4kHz
Mounted Resonance frequency : 28kHz
Measuring Range :
Max - operational shock + 50kms™
Max - continuous sinusoidal 20kms

Microphone(4189) Sensitivity : 51.6mV/pa
Capacitance : 13.3pF
Valid at temperature : 23T

Underwater sound level Measurable range : 100~ 180dB(0dB re 1 #p) or
meter(SW-1007) 0~80dB(0dB re 1 g bar)
Frequency range : 10Hz~ 50kHz
Accuracy : 20Hz~ lkHz*+2dB
10Hz~ 10kHz *+ 3dB
10Hz ~ 50kHz = 5dB
Power supply : AC 100V 50Hz/60Hz, DC 9V

Hydrophone(ST1001) Sensitivity : more than-180dB(0dB=1V/x p)
Storage temperature range : -10°C ~+507C

Oscilloscope(THS720A) Valid at temperature : -107C ~+507T
Valid at height : 2000m
Vertical volts/div : 100mV/div
Input capacity : < 100pF
Accuracy : DC voltage £5%, AC voltage +2%

NEXUS conditioning Output sensitivity : 10mV/ms ™~ 10kV/ms™
amplifier Power supply : DC 10~33V 50Hz/60Hz,
AC 90~264V 40~65Hz

‘10_




223 53 94 2 39

IR L
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Fig. 2.3 Location of the experimental sea area
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2) %4 %9

) A4 AF

AHe AZE Fig 249 2ol Z+ A&AMo s 10742 2R THEES
(accelerometer) 2 M x|dle] TR g B3l A9 AEL =3P FHEL A
B oAEAS AAY U, B8 Aoz 549 I8 duz FRatn, /)@ 3

442 800rpmol Al 2000pm7HA] AN E] FEAIT|AA &4
H 7] 2 Al(data recorder)e] 7] =&ttt

A Fe 2 g dn 22 48 3 2 A% 3N, AR TEE B2
et &S R AFY 3, AR AFEL s 18 &R AFELE e %
e 20, 718E daAy Az AF ZdadE gk g deAs 3
wo| wﬂcﬂc’ %6} g Vlad o Ade A% 199, #9898

=
jal%)
rlo
ox
ol
S
@ of
o
L

AAl ARel 3{AFFE Fetet7) A4F F 4 A H(impact test)> V| H =

BHE F RS A T ) 5ol S Ful A58 GANL, Fig 2450
2ol Aldde] 9ol FAH(AY E, GHTEE B A R &R AFd, 78
2 oAuAY AT AR Zae, ASAW AU AR 29, /1wy FuaE,
#.98 o 2o %2 ajr|(impact hammer)

2 714 AE

714 215 Fig. 259 o] Al@Ede] 7708 HA A 7tEeAE A st F
Fal 2 B3 Aol AEL 2HAG. TR Ade AgAe A AH=,
& Aol E41e ds Aelz AYstn, 7|FFAFE 800rpmol A 2000rpm7}
2] M A8 F7AZIEA dolE 7|5 A 7IEstETh FA B9 R #Bake $27)
v A ARE Gt 2 o9 28, FU1R Ae AR e 23 2 35 3
@, F7I deE S 9% - 5% Aol a2 23k dS57e Ash &3 2

A% 38
FHAANE2 \J—H 71, B7) 5o EE M AeE AAE Fig 259 ol
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AgAel s ERAPER e 298 AF . HE AEV) AERAE
A

Bxste} B wgol 374 AW BAL stk $0e) AEL SHA:

A
® Accelerometer k‘L

Fig. 2.4 Location of accelerometers for measurements of hull vibration
(a) Stern, (b) Wheel house, (c) Superstructure front, (d) Upper crew's
room, (e) top frame of engine room fore end bulkhead, (f) top frame of
engine room fore peak bulkhead, (g) Bottom crew's room, (h) Engine
room after end bulkhead, (i) Engine room fore end bulkhead, (j) Fuel
oil tank, (k) Engine room bottom frame, (I) Stern tube
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Diesel engine

Propelier

T

(b) (c)"
v
L
(o) (g)
® Accelerometer
Fig. 2.5 Location of accelerometers for measurement of machinery vibration
(a) Reduction gear, (b) After end of the main engine, (¢)
Forward end of the main engine, (d) Port after part of engine bed,
(e) Starboard after part of engine bed, (f) Port forward part of
engine bed, (g) Starboard forward part of engine bed
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AW 28 Fig 269 2ol N@Hel Sl 4ol vlol2REL Ml
Sal R e Ao 28% AL Aok BRI A 2g FHe dug 3
A ez, e Aol Bae g duz 3Yshn, <G8 adel g A%
EX: A

29 o) gl FeelA F 71#e) AH+E 800rpmol A 2000pm7t A
8l Z7kAA HaA dele] 712 Ao 7l Saele.

24 Rzt 7B, AR AT, S AT, e B dus AERY
o 13l Zgska”.

oz

& Microphone

Fig. 2.6 Location of microphone for measurement of noise
(a) Engine room, (b} Bottom crew's room, (c} Upper
crew's room (d) Wheel house, (e) Top part of the
funnel
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224 4 93y

hHAdA 2 1A AE

Fig. 249} 2.5¢] Jeld M) 127029 713 749 SFHAN S 75
3 9 B3l Aol Aa L 7@ Y9l 21FAEE Fig 1134 Zo] dloly 7%
A(SONY, PCH 244) 2@ PULSE SYSTEM (B&K, 3032A)2 ©]-&3}4] =}(order)
v 107, EElFe 0052 d4stn, 7@ dsE 800rpmel A 2000pm7EA] WA
st AZEAel 3 2} EA(order analysis)S 438 oY,

=
= [
e
MAlsh 7% 2o TRASFE VAN AT FASHUEE F YIS o
&l o

gale} 57 g BAsgon, Fas
~¥EY BAo: AYhFus L6kHz 94207 2Hzg ALgadrt

4 AE BA Bad ATTE Ade] dF 7z ARA, F@ B

=

=]

(1) 28% A F3ts
CSR = RPM / 60 (Hz)
714, RPME A% 535 (pm)elch

(2) At By Faps
CFR = (CSR/60) X S (Hz)

o714, CSRE AA=%9| 8T A5RH)o| 1, S&= T35} o] Fojath
S=05:438A7 S =1.0: 28A 7|4

(3) 7% 10 Foe

EFR = CFR X Nc

o714, CFRE A9 BT 54 (Hy), Nt A7r] Folv).
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4) 71¢] 2E¥H F 2 (gear mesh frequency)
GF = Ng X fr (HZ)
o714, Not= 7)o o|(tooth) 7, fr& %o] 3| WFdsHz)olH

(5) ¥yl 3] A ==3}a=(pinion rotating frequency)
PNF = GF / Np (Hz)
o] 714, Npe= FHYdel o] Fort

DELEEIE S EEEE
PSR = CSR / Rr {Hz)
o174, Rre& 747]0] wjolt}.

(7) L2 W 7] % 25=34=(blade passing frequency)

PF = PSR x Nb (Hz)
o 714, Nbix= EZz2#e|e] Jdrl Folr}.
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Table 2.4 Principal frequency for main engine of the observed small boats

Small CSR CFR EFR PF GF PNF
boats (Hz) (Hz) (Hz) (Hz) (Hz) (Hz)
A 333 16.7 100 29.2 27333 113.9
B 30.0 15.0 90 223 30300 121.2
C 30.0 15.0 90 25.4 2550.0 106.3
D 333 16.7 100 313 3166.7 102.2
E 333 16.7 100 39.5 25333 844
F 333 16.7 100 39.5 25333 84.4
G 333 16.7 133 398 24333 83.9
H 333 16.7 100 24.8 3366.7 134.7
I 333 16.7 100 248 3366.7 134.7
J 30.0 15.0 90 27.7 2340.0 97.5
K 333 16.7 100 39.5 25333 844
L 30.0 15.0 S0 30.8 2280.0 87.7
M 36.0 18.0 144 42.0 32400 92.6
N 333 16.7 100 39.5 25333 844
O 333 16.7 100 38.9 3000.0 85.7
P 36.7 18.3 147 438 2676.7 923
Q 30.0 15.0 90 223 3030.0 121.2
A : Myungyang-ho, B : Gilhung-ho, C : Jekyung-ho, D : Sinsung-ho,
E : Sunryung-ho, F : Yuram-ho, G : Sunyae-ho, H : Myungseng-ho,
I : Kwangyung-ho, J : Haesung-ho, K : Dongmyung-ho, 1 : Daepung-ho,
M : Daeyung-ho, N : Kwangsin-ho, O : Sinsaeng-ho, P : Namdeg-ho,
QQ : Haesung-1lho
CSR : Crank Shaft Rate, CFR : Cylinder Firing Rate, EFR : Engine

Firing Rate, PF : Propeller Frequency, GF

PNF : Pinion Frequency

718‘
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N, A AT, A AFY, ZEA, ABAT 2$5HE Fig 113 2ol
dlo]E] 7] ZA(SONY, PCH 244) 2 PULSE SYSTEM(B&K, 3032A)E o] &3}
a4 H$ 20Hz~20kHz, A Weighting, 1/3 Octave g F o2 E A3l om,
A% BAgol HAAE 204, P 012 A4l @ HHF 800pmel A
2000pm7t7) AASFAA o W WA Aol Y A5 AL SRS,

23 4% 9 »@

231 A4 AF 54

1) 7184 =49

AR el Bat Ao AEd A4 ZHdy Ao ASE IFEY 2R
3= Fig. 273 #t} Fig 2.7 713 s AdAEEe F7o wet dF7tss &
o] 27)1% A PF g e o JeEbd 9 E(waterfall) Hxolt}. 3
Ao 3ujel 33 ARL 1548rpmol A ¥ HEol Al F7heted 1743rpm
Al A AES 87.15Hz HAAEZL el Fof vhA] Ay, 63 ARl A
= 1244rpm B E] A A8 F7bste] 1397rpmol A A E 4 69.85Hze] Hd AEE
el 2 gleh. Fig. 2.7(b)¥ Fig. 2.7(a)dll 4] =3 2 1Z2 Jehdie 3x9 6
A RS gl Aoz A sigE 21Ee] A7) E Ydog Yedig.

HorlEr s 7@ A4 1743rpme) 33pol| ) 38k 5229cpm(87.2Hz) el 2
T ME A 445M0 2 JEbgTE o] & Table 220 Ho]%o] Alg oAb
AN & z8 & A(firing order)?t 1-5-3-6-2-4¢1 64 @9 Fr@ow, A4t
o] WZof] o3 7]z H(exciting force)] E= 3} XY A(harmonics)e] 3z A
o] 7t =31, o] 71AFH AEo] v#A W= Az = vIBY A
dldel 2AH dEslo] MA ZHge n{HHFFY 75 FZ(local resonance)
S WA= Aoz Azbdch =3 1397mpmelAE 63 AR AF
(8382cpm, 139.7Hz)7} 7}& % A E 258mge] =3 FAS dodn )

il
=
=
=)
i
z

~19_




=

o =
Vibration amp.{m/s2, rms)

— . 12
/- C)A,asrn/s2
/o [5 o | Bx

-t
ES

3x

T T
[

-
o
A

Ged

Vipration frequency{cpmx 1000)
[=>%

0,
)

IS
1288
— & 0
Fos © 0 1 2 3
1 2 3 4 5 6 7 8 5 10 Rotating spesd(rpmx 1000}
Order
(a) Order analysis (b) Campbell diagram

Fig. 2.7 Vibration characteristics at the bottom frame of engine
room(Myungyang-ho, vertical direction)

2) 7184 AYy

Aol F& Ald 7Y ok Aulo] AGugko M —’17@% qE 54
Fig. 287 3t} Fig. 2.8(a)= waterfall A S E 3
1000rpm, 1300rpm 2 1700rpmol| A =& A E L L%E}LH%!OD:I 1700rpmof| A &
of o] BAEAL 62 R M= 1097rpmFE A A3 F7hebe] 1394rpm
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3130cpm(52.2Hz), 3880cpm(64.7Hz), 5100cpm(85Hz), 5690cpm(94.8Hz)o], 12| 1 63}
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(a) Order analysis (b} Campbell diagram
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0.0 SRR - i
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Frequency(kHz)

(c) lmpact response spectrum

Fig. 2.8 Vibration characteristics at the after end bulkhead of engine
room(Myungyang-ho, longitudinal direction)

Table 2.5 Natural frequency of the after end bulkhead of engine room

Direction Order Peak frequency/ Max.response Natura! frequency
3130cpm (52.2Hz) 48Hz
rd 3880cpm (64.7Hz) , 68Hz
5100cpm (85.0Hz)y 2.83m/s 86Hz
Longitudinal 5690cpm_(94.8Hz) 100Hz
&th 8364cpm (139.5Hz)/ 1.72m/s* 142Hz
9250cpm (154.2Hz) 156Hz
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{c) Impact response spectrum

Fig. 2.9 Vibration characteristics at the port fuel oil tank
(Myungyang-ho, athwartships direction)
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Table 2.6 Natural frequency of the port fuel oil tank

Direction Order |Peak frequency/ Max. response Natural frequency
4050¢cpm (67.5Hz)
3rd 5091cpm (84.9Hz)/ 15.9m/s® 88Hz
Athwart 5690cpm (94.8Hz)
6th 8364cpm (139.4Hz)

Fig. 2.10(a)s % dmede Fowates 249 A59] waterfall HEE
el Aoz A, 32 AEe] 7] 3 A 1050rpm, 1400rpmofj A =& A F o],
a2l 1400rpmol A Ho) AFo] wAsHT. EF, 453 A& 1746rpm,
1796rpmol A = 2 A%< vebileh Fig 2.10(b)oll B¢l 3ai9f 457 /&9
23, 1400mpmoll M & 32 AE9l WES 4200cpm(70Hz)e) AF 7HEx7t H
59meo 2 Hrp o MEo] HA T AL FI +F drdAd FAH HL
o] 28 ZWUL o, w3, 1746rpmel A 4.522] 7857cpm(131Hz) 3}

T AT AF SR SERAME AR TR e] HAE

Stot.
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Fig. 2.10 Vibration characteristics at the starboard fuel oil tank
(Myungyang-ho, athwartships direction)
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Table 2.7 Natural frequency of the upper part of starboard fuel oil tank

Direction Order Peak frequency/ Max.response

Natural frequency

2500cpm (41.7Hz)
3100cpm (51.7Hz)
3400cpm (56.7Hz)
4100cpm (68.3Hz)
4200cpm (70.0Hz)/ 5.9m/s’
4700cpm (78.3Hz)

3rd

Athwart

64Hz

80Hz

6900cpm (115Hz)
4.5th | 7857cpm (131Hz)/ 5.8m/s’
8000cpm (133.3Hz)

i36Hz

Table 2.8 Natural frequency of the bottom part of starboard fuel oil tank

Direction Order

Peak frequency/ Max.response

Natural frequency

2500cpm (41.7Hz)
3100cpm (51.7Hz)
3400cpm (56.7Hz)
4100cpm (68.3Hz)
4200cpm (70.0Hz)
4700cpm (78.3Hz)

3rd

Athwart

64Hz

30Hz

6900cpm (115Hz)
4.5th 7800cpm (130Hz)
8000cpm (133.3Hz)

136Hz
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Fig. 2.11 Vibration characteristics at the top frame of engine room fore
end bulkhead(Myungyang-ho,vertical direction)
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Hol B3 zA Yguin], FHASF 997rpmol Al 33 A EQA AEF
2991cpm(50Hz) A ¥-9 A% 7F& %7 Huo 09%o 2 vhebykch 3 1294pm
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Table 2.9 Natural frequency of the top frame of engine room fore end bulkhead

Direction Order Peak response frequency Natural frequency

2991cpm (50Hz)
3100cpm (51.7Hz)

3rd 3400cpm (56.7Hz)

. 4000cpm (66.7Hz)
Vertical 5600cpm (93.3Hz) ; 96Hz

6th 7764cpm (129.4Hz)

8000cpm (133.3Hz)
9798cpm (163.3Hz) 168Hz

5 Ao A4Y Aga 35 =499

Aol Fat Aol A Aol Ads AR ZeglelA dehak
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= 3080cpm(51.3Hz)el A 3 2K F o] viEbiin], 2 Fo|A X 2475cpm (41.3Hz)
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Fig. 212 Vibration characteristics at the top frame of fore peak

bulkhead(Myungyang-ho, vertical direction)
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Table 2.10 Natural frequency of the top frame of fore peak bulkhead

Direction Order Peak frequency/ Max.response| Natural frequency

1350cpm (22.5Hz)
1950cpm (32.5Hz)
2480cpm (41.3Hz)
3080cpm (51.3Hz)

Vertical 1.5th

6 HuA

Ade) B8 Ao 4% 3 SR AFUAAL A% FAAAE 42 Fig
2.13, 2.14 @ 2158} Zt} Fig. 2.13(a)e 45 AFA dshdsr dgd dig
waterfall M2 hebdl Aoz A, 13 AEo] 1397pmoll A =3, 33 AR
A% 800rpm5E] 1300rpm7tA] Age] A vebe, 1097rpmol A Hdh 3E
o] ka3t

Fig. 20300l 13} 2 33 A8S Jehigion, F45 1097pmeld 33 4%
o] FEF 3191cpm(s49Hz)e] HE 7HEE7t Hh 2102 Uehdrh o] AEE
M de) At AT 9@ F 7Y ARoA, o WES o) HY

w0z dgse) A FzBe nHAESH TR FAL YN ok

O

Fig. 2.13(c)°]4 IR E5 40Hz, 88Hzet Fig. 2.13(b)e] 3z &9
2700cpm(45Hz), 5100cpm(85Hz)e] ZAE A&7k A A7 dFojrt. |
A gre A% AHE, AYa F T 7HEF(moving parts)oll A EAF =
Ao olg A1WE AJEeold.

Fig. 2.14a)c 3% AFde Ashgd 5o digh waterfall dXx2A,
800rpmelj A1 1300rpm7H x| 2 Fo] wAgsL, 1300rpmo]dell A= A F o] EAsHA]
erorth. Fig. 2.14(b)olA 3z A E7E F38lo] vehgen, 933rpmol 4 32k A &9
Zak42 2799cpm(45. 9Hz)_4 A% 7p2w7r A 1.03%e 2 el o] AR 9
Al BHR AFHe Aggetel =R FF os dAdct i Frlo]l
Ml Qe Fig 2.14(.:)4 F 75 4 4THz, 53Hz$ Fig. 2.14(b)oll M et
3z} 2799cpm(46.7Hz), 3210cpm(53.5Hz)e] 7HA& HFF7F #e AA 37 diE
o] t}.

—
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Fig. 2.13 Vibration characteristics at the upper crew's room
(Myungyang-ho, vertical direction)

Fig. 215@)= 3% Aol #HwEe] AF ASAFAZA, 800rpmTFH
1000rpm 7} %] &} ] 9] ol] A 21%01 wbste), Fig. 2.15(b)el A= 33 B e
o] veEbska, 933rpmoll A 3z} AR o] Fab4 2799%cpm(46.7Hz)e] R EF 7tEH R}
#Hof 133%e g uepdoh o] A oh— AFdR Agse] S Fxo] v
A3l olel gk Yl Fig 2.15(c)Y 3-8 %5 47Hz$} Fig. 2.15(b)9) 3a 45
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o1 2680cpm(44.7Hz), 2799cpm(46.7THz)e] A d AFF7t A dAe7] WE
ot}

4% @ s AFAGHE s 2 A9YY W LF EA studa F
REQL 34 B ol DA UBnts, AU A% AT 4AB A3 AT
Awrh 2Fol AA chebdeh

Vibration frequency{cpmx 1000)

HAotating speec(romx 1000)

(b) Campbell diagram

Vibration amp.(m/s?)

00 02 04 06 08
Frequency (kHz)

(c) Impact response spectrum

Fig. 2.14 Vibration characteristics at the bottom crew's room
(Myungyang-ho, vertical direction)
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Fig. 2.15 Vibration characteristics at the bottom crew's room

{(Myungyvang-ho, athwartships direction)

Table 2.11 Natural frequency of the upper crew's room
Direction Order Peak frequency/ Max.response Natural frequency
st 1100cpm (18.3Hz)
1300cpm (21.7Hz)
. 2700cpm (44.7Hz) 40Hz
V
ertical g | 3291cpm (54Hz)
3400cpm (56.7Hz)
5100cpm (85Hz) 88Hz
Table 2.12 Natural frequency of the bottom crew's room

Direction Order Peak frequency/ Max.response Natural frequency
. 2799cpm (46.7Hz) 47Hz

Vertical 3 35 0cpm (53.5H2) 53Hz

Athwart ard 2680cpm (44.7Hz) 47Hz

2799cpm (46.7Hz)
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7 AN TEE

AMe] AR PFxZd Ao As 2 AFWIge F BHS 47 Fig 216
2 Fig. 2.17% 2t} Fig. 2.16(a)o] M 1.5 800rpm*E] 2000rpm7tA] 7 F 0}
shAslal, 33 AR S 800rpm¥BE Fo] MAME ZF7isttizh 1350pmy-H =
34 Z7heE AL Jdeluis, 1950pmal A Hf AEE YERd . Fig.
2160yl = 1539k 33k A Eo] vehen], 1950mpmelA 3z A
5850cpm(97.5Hz)9] X E 7F&wrt Ao 471602 el

le 2
. 16 E Od“ﬂm/s?
* % 30T
| . -
t vz E .l
i ! g E s
| i 3 o ) 3
! (= ey X
! ! 5 3
¥ P g 6
‘I‘ 5 o
) \ ‘ ‘J . g S
‘ '.l ! Y i ‘\_‘;_'_é,ﬁ-i‘ié.&%s:_:-vw- o » E
ZA S = @ 5
P “i\\ [llg@@ﬂ%\“ﬁ:; =7 NI
f S AT SR B el 16
St ees o Ay
e = S e U 0
ANEN et e e, T 0 ) s 3
o284 6 7 k80 Rotating speed(romx 1000)
Order
(a) Order analysis (by Campbell diagram
25 ]
B |
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a
g1s
)
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0.0 0.2 04 06 08
Frequency (kHz)

(c) Impact response spectrum

Fig. 2.16 Vibration characteristics at the front superstructure
(Myungyang-ho, vertical direction)
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Table 2.13 Natural frequency of the front superstructure

Direction Order Peak response frequency Natural frequency
2850cpm (47.5Hz)
Vertical ard 4800cpm (80.0Hz) 80Hz

5850cpm (97.5Hz)
6000cpm (100Hz)
3750¢cpm (62.5Hz)
4200cpm (70.0Hz)
5100cpm (85.0Hz) 80Hz
5850cpm (97.5Hz)

Longitudinal 3rd

vibration amp.(m/s?, rms)

Vibration frequency (cpms 1000)

Aotating speed(pmx 1000}

(a} Order analysis (b) Campbell diagram

Fig. 2.17 Vibration characteristics at the front superstructure
(Myungyang-ho, longitudinal direction)

Fig. 2.16(c)= FA 714 Alo] ¢9 ~dHEH o 2 M, Fig. 2.16(c)o A 80Hz2] i
K2 %549 Fig. 2.16(b)2} 32k “3+-9] 4800cpm(80Hz) X F+7} A A3t =7
F7Zlo]l dojtr}.
Fig. 2.17(a)= A% 2o dFusel AFog M, 33 HEol A A4
1

ool A FEo| RAEM, 1950rpmol| A Al 7l Fe] elydc}. Fig. 2.17(b)
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AME 33 AEol T, 1950mmelA 33 ARl hSshE
5850cpm(97.5Hz)2] X E 7HEE7E A 09979605 UERETh Fig. 2.16(c)0l A
7187 %% 80Hze} Fig. 2.17(b)2] 5100cpm(85Hz) 74l MF57F A9 U 3n
= 23 gAol WA

web 2 AERge) 1Fol WA WESF e BIsht WEY A7)
= gshtes] dEol AFMgNn W 2 54& s vk

8) A4

Ade] Bal A AduRe Al F$ 9 AFUFA Hdse AES A
=752 7tz Fig. 2.18, 2.19 @ 2.20¢] UebH ). Fig. 2.18(a)2] Abah Hak
AEo A 32 AEo] AL 1370rpmEE 1700rpm7 A 2] el A W-Fo]
24 e, 1600rpmel A Hh FEo] yebytrh 593 HEE A5 999rpmel
A 2 FEo] vehytt}. Fig. 2.18b)el M 33, 5927 vdElkon, F A
Z 1600rpmoll A 3z A E o] 4800cpm(R0Hz)e] A% 7FE =7 Hf 75022
Lbebykt}. Fig. 2.18(c)oll Al 28754 72Hz, 96Hz$} Fig. 2.17(b)e] 32+ 4 ] 2 o)
4300cpm(71.7Hz), 5.92F A E 2] 5800cpm(96.7Hz)Q) ZAE HF57F A LA
o IR FE ot

Fig. 2.19(a)= XMnl5el F9wa 1Fog, 33 4¥Fo] 800rpmelA 1024rpm
ta) el ool AFo] ETa, 1033pmolA FHo AFE BTt Fig. 2.19(b)
o A= 1033rpmell A 33k AR 3099cpm(51.7Hz)e) FE 7H&5=7F Al 150
meo 2 el 2AAP gE 8 ~2H9EHS YERD Fig 2180l L
SR ES S6Hz9F Fig. 2.19(b)9] 32k AJ#o) thdl 3099cpm (51.7Hz)o] A& 4
Aste TH FHol HAHF

Fig. 2.20(a)= v 5o AFwg 2502 A, 3z AJE 2] 1119rpm, 1321rpm,
1640rpmell A} A Eo] =1, 1119pmol X Al IE S vepHAY. Fig. 2.20(b)
ol A 3a} Ad¥o] =81E9, 1119rpmo) A 33 A3 E9] 3357cpm (56Hz)8| &
e A 0600 2 UERGTH ol Mull FxE HIFurgre] i3l
=2 56Hz9} Fig. 2.20(b)2] 3099cpm(51.7Hz), 4500cpm(75Hz) A8 M55 7}
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(c) Impact response spectrum

Fig. 2.18 Vibration characteristics at the stern part
(Myungyang-ho, vertical direction)
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Fig. 2.19 Vibration characteristics at the stern part
(Myungyang-ho, athwartships direction)

Oo,emfs?

ibration amp .(m/s?, rms)

Vigration trequency (cpmx 1000)
o

Rotating speedirpm 1000}

(a) Order analysis (b) Campbell diagram

Fig. 2.20 Vibration characteristics at the stern part
(Myungyang-ho, longitudinal direction)
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Table 2.i4 Natural frequency of the stern part

Direction Order Peak response frequency Natural frequency

3400cpm (56.7Hz) 56Hz
3rd 4000cpm (66.7Hz)

Vertical 4300cpm (71.7Hz) 72Hz
4800cpm (80.0Hz)

5th, 9th 500cpm (96.7Hz) 96Hz
2500cpm (41.7Hz)

Athwart 3rd 3099cpm (51.7Hz) 56Hz

4000cpm (66.7Hz)
4800cpm (80.0Hz)

3357cpm (56.0Hz) S6Hz
4000cpm (66.7Hz)
Longitudinal 3rd 4500cpm (75.0Hz) 72Hz

5000cpm (83.3Hz)
5300cpm (88.3Hz)

232 #7189 AF 54

) F71¢ Ay

Aol B3 A] 7] FH(main engine) MWW Fell Ao et 2 FH9LEte 2E
S4% vebdE, Zhe Fig 221 E 2229 2ok Fig 221@)= Jstdd e
o} waterfall A= =2, 12} A Eo] 1195rpm, 1397rpm, 1846rpmoll A & HF&
1397rpmell A Hd EFS GEAT. EF, 153 o] 1548mpm, 23} AL
o] 1397rpm, 33} A o] 1650pmolld =& =& ek Fig 2.21(b)ol
AO1R LS 23 2 359 ol 4Re] deon, dY A% Hews
1397rpmell A 12 A& ¢ 1397cpm(23.3Hz)oll A 18276, 1548rpmoi| Al 1.5z} A&
o] 2322¢pm(38.7Hz) A 12.6M¢, 1397rpmoll A 2z} A 2] 279%4cpm (46.6Hz)ol
2] 9.6M, 1650rpmol| Al 3x} A2 9] 4950cpm(82.5Hz)el 4] 10.7M¢ e = vhepytoh,

olm gre) JWFozE 1 ARE sFER Y, AY 29, 1537
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e g MEd r)Qsks AR NAFY, 24 AR FA B AXR
42 % misalignment) 173 33 ARE 7| Taery AFd sl<la
AAgow neld + Ak

/ e T o 12
/1 & E O1a 2m/s?
/o R 510
CE g
g Eet
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é g 2x
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5 4 1.5x%
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(a) Order analysis (b) Campbell diagram

Fig. 2.21 Vibration characteristics at the top of after end of main engine
{Myungyang-ho, vertical direction)
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F % § 8
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Fig. 2.22 Vibration characteristics at the top after end of main
engine(Myungyang-ho, athwartships direction)

Fig. 2.22(a)= #A-$wske] A& o02 12 MHEA 1049rpmEE 1650rpm7} A
F2 UES, 1397pmel A Hof dEs ERRAG E3, 153 AEedAM =
1498rpm, 22 % 32b5= ZHzb 1397rpm, 1397rpmojA] 2|t 2%-S velhidch

Fig. 2.22(b)oll A= 12}, 153}, 22 4 3zp8] of ] AJFo] vepvy, 7t 47

N

ol At} A%E b= 74zt 1243 1397cpmol A 17.3%, 1.521 1870cpmol] 4
15.8%€, 2= 2794cpmell A 10.5%¢ 22| 11 3% 5= 4038cpmofl A 1587 C. 2 F
A EE etk Al & 5 %ol Frlwel A A o @
A@gel g 2 QRS AL, olold ALFHWEFe] A% 34 HBYx
Yol =A AQAANE AL & & Aok

2) F718 AFF

Ade) R Al AT HERe sk 4% % dFNFY A% S4L 7
Zb Fig. 2.23, 2.24 2 2259 2t} Fig 2.23(a)= Aepiate] nE o2 1z A4

}_
ol 1247pmPE  1670pm7hA ¢ GGl we ATE vEL, 53
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1397rpmoll Al Ao A EL el w3, 1.5x%E 1397rpm, 235 1599
pm, 2@ 3%E 1847pmol A 2 FE S vehdth Fig. 2.23(b)oll A 14,
1.52F, 22 2 339} o8] AES Jehda slon, 7 A& Hd AE7ts
= 137} 1397cpm(23.3Hz)o Al 20.4m¢, 1.5x}7} 2096cpm(34.9Hz)oll A 18.96
¢, 2317} 3198cpm(53.3Hz)oll A] 8.7m% 18] 3 337} 5541cpm(92.4Hz)oll A3 8.7M%
2 yepgd. F713 deie Aole 1ad 1537 53 2 WEHER

AEaa, 153 AR 129 §a4d 7IQlste ez Aadd.

Fig. 2.24(a)= 3$wreke] %oz, 13 ARL 3 d4 1196rpm, 1397rpm,
1642rpmell A =& AEL Bolx, =3 119%mpmelA Fd A5 e
w3 1.5 1298rpm, 33E 1446rpmel A & IEL JEeEh R Q) Fig
2.24(b)oll = 12}, 1.52F 9 3xbe] AEo] Yeplies, 2+ AR Ho AErhs
E 127} 1196cpm(19.9Hz)ol A 4.49m%, 1.52}7} 1947cpm (32.5Hz)9) A] 4.32m¢,
28] 3 3xb7) 4797cpm(80Hz)o A 4.67% o & viEluith #H-eurske] A2 A
Shbekol wlE] wle A AEFEL Holx Qi SR AT o
fr Abateh,

Fig. 225a)= AFwae) HFeoz, 14 AREL 1397rpm, 153 A8
1547rpm, 23 % 32bE= Z}Zb 1446rpm, 1500rpmol|l A 52 2 FS JERHIL 3
th. Fig. 2.25(b)oll = 12k, 1.5} 220 9 32te] RS Reojm, 7 A9 FHuf
A% 745 1247) 1397cpm(23.3Hz)o) Al 2.887¢, 1.52}7} 2321cpm (38.7Hz)ol
A 3.93m, 2371 2892cpm(48.2Hz)oll A 2.42m¢ 1wl 33b7} 4500cpm(75Hz)e]
Al 316w o2 HOIES Vet ool A & 5 dke]l, dFTEe A

& st 2 el vlE A Fe] W Ha ole FU ¥ AT

o

K3 2l
ATuae AAel the ggel wal 2 PR /s Ao 47an.

lo #®

il

rr

Fsry

%

|

‘41,




Vibration amp.(m/s?, rms)

Order

(a) Order analysis

Viteation frequency(cpmx 1000)

O 20.4m/s’
10
8 r 3x
5 |
2%
T 1.5x
IS 1x
0 s \
0 1 2

Rotating speed{rpmx 1000)

(b) Campbell diagram

Fig. 2.23 Vibration characteristics at the top forward end of main
engine(Myungyang-ho, vertical direction)

i
Vipration amp.{m/s2, ims)

v T T T v
3 4 5 & 7 g G 10
Crder

(a) Order analysis

Vibration frequency{cprx 1000}

Qa.em@z

10+

8r 3x
5 |

41 T 5x
2 r 1x

o . .

0 1 2

Rotating speed{rpmx 1000)

{b) Campbell diagram

Fig. 2.24 Vibration characteristics at the top forward end of main
engine (Myungyang-ho, athwartships direction)
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Fig. 2.25 Vibration characteristics at the top forward end of main
engine(Myungyang-ho, longitudinal direction)

718 /Y wWeo oxy HE s 9 FHUEe] UF
26, 2.27, 228 R 2.29¢] vtE}ATE HA Fig. 2.26(a)= T2 ¢ F

1599rpmel A H ) A FL vpelhelch w3, 1.5 1098rpm, 1395rpm, 1560
S, 1670rpmell A Hd) AF & ebd Atk 33
o] ASol%E 994rpm, 1042rpm = 1243rpmell A =& 2 F S, 994rpmol A H )
FEL Holi, 63 1444pmol A Ho) FEHZ EAATH Fig. 2.26(b)oll A
B ool5 1.25x 153 3 2 63 ARS Jetud, 7+ dEe Ao dEvHE
T 1599rpmol A 1.25%7F 1999¢pm(33.3Hz)®) 7.19%, 1670rpmoll A 1.53} 7}
2505cpm(41.8Hz)2] 7.47m%, 994rpmell A1 3x7} 2982cpm(62.2Hz)oll A 6.0778, 1
2] i 1444rpmeoll A1 6X}7} 8664cpm(144.4Hz)oll A 5.32m 0 2 LIERRETH

=
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3
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HE
rlo
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g Off
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fez]
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Rotating speed{romx 1000)

(a) Order analysis (b) Campbell diagram

Fig. 2.26

Fig. 2.26(c)2]
(160Hz)9] A9

4

W

Vibration amp.{m/s?)
[4%]

0 1 T P - i
0.0 02 04 06 08
Frequency (kHz)

(c) Impact response spectrum

Vibration characteristics at the port forward part of engine
bed(Myungyang-ho, vertical direction)

%4 160Hz9} Fig. 2.26(b)9] 6xto] i3 9593cpm
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Table 2.15 Natural frequency of the port forward part of engine bed

Direction | Order Peak frequency / Max. response Natural frequency
1.25th 1999cpm (33.3Hz)/ 7.19m/s”
Lsth 2505cpm (41.8Hz)/ 7.47m/s’
’ 1646¢cpm (27.4Hz)
Vertical 2982cpm (49.7Hz) 6.07m/s’
3rd 3743cpm (62.4Hz)
5100cpm (85.0Hz)
6th 8664cpm (144.4Hz)/ 5.32m/s*
9593cpm (160.0Hz) 160Hz
3291cpm (54.9Hz)
2nd 2
3796¢cpm (63.3HzY 3.13m/s
2982cpm (49.7Hz)
3rd 4333cpm (72.2Hz)/ 3.51m/s°
Athwart 5231cpm (87.2Hz)
6th 6252cpm (104.2Hz)
9593cpm (159.9Hz)/ 3.51m/s” 160Hz
7 5th 12749cpm (212.5Hz)
‘ 13868cpm (231.1Hz)/ 2.85m/s’ 232Hz

Fig. 227(a)s 719 HE wloo] HE z9ubgre oigt dFeR, 227t
1898rpm, 32}7} 1444rpm, 6x}7} 1599rpm, 28] 31 7.53+7} 1849rpmeo| A & T F
% wrAgsglch Fig 227(b)dl e o8 A5 AvE vYetided, 77 dEe
Ao AEAETE 1898mpmol A 23ke] F kg 379%cpm(63.3Hz)7 3.137K,
1444rpmoll A 324¢] 3k 4333cpm(72.2Hz)7F 3.517¢, 1599rpmel) X 6242 34
2> 0593cpm(159.9Hz)7} 3517, 18l T  1849rpmoll N 7.53e]  F
13868cpm(231Hz)7} 2.85m¢o 2 Jehdtl. Fig 2.26(c)2) 4% S 160Hz, 232Hz
s} Fig. 2.27(b)9) 6% 9593cpm(160Hz), 7.5 13867cpm(231Hz) Z A& A FF
7t A9 gREe S5 Fo] HAdT
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ol AME AuslH, F7# FHE o $He] dd 4 FeHE AT
7} 24 HU A S 5= Table 2,150 Kol%o] F2utgke] AR
of 2o g% 2 AES Ve, ok gk o] HEd 7
Frys AEel 339 63 AR ETE 1253 R 154 AF
th. o] FRPAY] 723 EAY wlmo] 71289 7340
e vAaEAES Jele Aoz A% EY, AbdA Ald ol 2 Wt sty
] 7125 B 7 A(stiffener)E F7hsted A W] 7 A (stiffness) S W73}

| l
of & Hojtrh

o L

2
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3
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3x

Vioration freauency (cprmx 1000}
[s.]
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o [
Order

(a) Order analysis (b) Campbell diagram

Fig. 2.27 Vibration characteristics at the port forward part of
engine bed(Myungyang-ho, athwartships direction)
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Fig. 2.28 Vibration characteristics at the port after part of
engine bed(Myungyang-ho, vertical direction)

Fig. 228a)= 713 #& W= HZo A3tld AF 2z, 13471 179%mm,
1940pmel 4 =2 AF L, 1949pmel A Hol A5 dehAgith EF 32E
1039rpm, 4.57F% 1899rpm, 22l 2 631 1899rpmel A Hoh g o) tebuiet.

Fig. 2.28(b)oll &= o) 5 13}, 32, 453 2 639 o a5 AEe e
Aow z} My Ho AZ/EEE 1949mpmelld 1xpe] F I 1949cpm
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(32.5Hz)7} 111, 1039rpmoll A 32+ F3}5 3117cpm(52Hz)7} 147, 1899rpmol)
K 4.53ke] FTE 8547cpm(142.4Hz)7F 7.2m6, 123 1899rpmoll A 639
11394cpm(189.9Hz)7} 5.8m¢© = }ebydth Fig. 2.28(c)8) T&A%4 32Hz, 56Hz,
112Hz$}  Fig. 2.28(b)¢] 12 1949cpm(32.5Hz), 32} 3117cpm(52Hz), 63}
6896cpm(114.9Hz) A= 2EF7F A9 A3t FH TAE& dod.

Fig. 22%a)= F71¢ &9 o= A% z9wa 2FoZ, 3370 1039rpm,
1217} 1848rpmoll A H o) W& & YeERUATE. Fig. 2290b)ol M= 1349 331 A
RS vehglon, 1848rpmoll A 13}9] Emk4: 1848cpm(30.8Hz)ol A 2 &7} &
=7F A 2.65%, 1089rpmol Al 33} 3117cpm(52Hz) A E 2 AZrt&w7 A
322m¢o 2 ilebyict

@ 12
5 Os 20mys’
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@ £ 3x
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= > 2 1%
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1 2 3 4 5 6 T 4 g Rotating speediroms 1000)
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(a) Order analysis (b) Campbell diagram

Fig. 2.29 Vibration characteristics at the port after part of engine
bed(Myungyang-ho, athwartships direction)

T7I #Hd wWn A5 e 3 Aewe AFe 2 A5 Hdg %)
£ 5= Table 2,160 B.o|ko] F2ntgke) 2ol | Hojsha ehxe] 2
AFERG o 2P E F AFE ey, ol FwetE e wEd sdstE
1859 stRe A R 337 =l FAME ufidEgs ¥IE do
A AegAFe] vfg SFH S ¢ F Avk AL 1FL vuA 4F
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Table 2.16 Natural frequency of the port after part of engine bed

Direction | Order Peak frequency/ Max. response | Natural frequency
Ist 1795cpm (29.9Hz) ,
1949cpm (32.5Hz)/ 11.0m/s 32Hz
3rd 3117¢pm (52.0Hz)/ 14m/s* S6Hz
Vertical 5096¢cpm (84.9Hz)
4.5th 8547cpm (142.5Hz)/ 7.2m/s*
6th 6896cpm (114.9Hz) . 112Hz
11394cpm (189.9Hz)/ 5.8m/s”
Ist 1848cpm (30.8Hz)/ 2.65m/s’ 32Hz
2218¢cpm (37.0Hz)
Athwart 3rd 3117¢cpm (52.0Hz)/ 3.22m/s’ 52Hz
4345¢cpm (72.4Hz)
5543cpm (92.4Hz)
9 F% S@ We
Adel #7132 @ W=dN @R 5% dat w AU WF 5

£ Z+7+ Fig. 2.30, 2.31, 232 9 2333} gt}

Fig. 230(a)+ F7]1% 93 dlz UdXo] Ae AF o=, 1.52 179%rpm, 33}
848rpm, 62} 1440rpm, 221 7.522] 1796rpmdl 4 & I EL, 3x1¢] 848rpm
A Aol FAFo]l vbehutr}. Fig. 2.30(bYel A& 1.53, 3%, 63 2 7.5302] A
=5 WEHWReH, 4 HEY HA AsvbEEe 17%rmpmoll A 1.5AHE
2694cpm(44.9Hz)7}  6.96™¢, 1273rpmoll 4] 3xte]  2544cpm(42.4Hz)7}  12.2m,
1440rpmoll 41 62}9]  8640cpm(144Hz)7} -~ 7.34Me, 1@l 1796rpmol A 7.53} €]
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13470cpm(224.5Hz)7}  9.26"%¢o2 uEhdrh Fig. 230(c)2] THRES  48Hz,
224Hz, 248 Hz2} Fig. 2.30(b)2] 1z 2769cpm(46.2Hz), 7.5%F  13473cpm
(224.6Hz), 14600cpm (243Hz) ZA# HES7E A9 Axste] 2% Falo| W
gkt

L 16 s 7.5%
A N fé R b 12 2més Bx
. = =)
2 - (=3
i‘@ 212+
£ g
% S
S )
5] =4
T 8r
- ”
T = 6t
g &
S 4t 1.6%
5 g )
$o
12 &8 0
§ 0 1 2 3
(a8 Aotating speedi{rpmx 1000)
(a) Order analysis (b) Campbell diagram

Vibration amp.(m/s?)

0.0 0.2 0.4 06 08
Frequency (kHz)

(c) Impact response spectrum

Fig. 2.30 Vibration characteristics at the starboard forward part of engine
bed{Myungyang-ho, vertical direction)




Fig. 23l(a)x= F7|¢ 48 = 4% H9Us AFoz, 3x2 848mpm,
1400rpm, 1846rpmei A ¥ M E&, 848rpmollA Ho ZES HERYUAG. =
&, 62} 1587rpm, 1647rpm 7.52} 1796rpmel M = & 2% & eRich Fig
231(b)ell A= 33}, 63 R 753 AJ¥o] veon, 7} AR Hd AFTtE
T = 319 2544cpm(42.4Hz) 9.28™%, 6212 9522cpm(158.7Hz) 8.39™¢ 18] 7.5
Z+e] 13470cpm(224.5Hz) 2 A 6.1mo 2 LtebtTh Fig 230(c)8 ZAAES
43Hz, 136Hz, 160Hz, 184Hz, 224Hz, 248Hz¢} Fig. 2.31(b)e] 2545cpm(42.7Hz),
8082cpm(134.7Hz), 9882cpm(164.7Hz), 778cpm(179.6Hz), 7.5%  13473cpm
(224.6Hz), 14600cpm(243Hz) A2 FF57F A9 dA st 5 FHo] LA
Fig=y

A 16
' B — 7.5x
; £ 4 b s Bx
» ]
£ S 2 r
a g
£ 510 r
L] =
5 £ e
® 2 3x
5 2 |
= Pl
<]
o g1
>
S 2t
S
& [}

] 1 2 3
Rotating speed{ronmx 1000)

Order

(a) Order analysis {(b) Campbell diagram

Fig. 2.31 Vibration characteristics at the starboard forward part of engine
bed(Myungyang-ho, athwartships direction)
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Table 2.17 Natural frequency of the starboard forward part of engine bed

Direction | Order Peak frequency/ Max. response Natural frequency
1.5th 2694cpm (44.9Hz)/ 6.96m/s” 48Hz
3rd 3149cpm (52.5Hz) 56Hz

' 2544cpm (42 4Hz) 12.2m/s’
Vertical 6th 8640cpm (14.4Hz)/ 7.34m/s”
9282cpm (15.4Hz)
7 5¢h 13470cpm (224.6Hz)/ 9.26m/s’ 224Hz
' 14600cpm (243.0Hz) 248Hz
3rd 2544cpm (42.7Hz)/ 9.28m/s’ 43Hz
3591cpm (59.9Hz)
8082¢cpm (134.7Hz) 136Hz
Athwart 6th 9522cpm (158.7Hz) 8.39m/s’ 160Hz
10778cpm (179.6Hz) 184Hz
7 5th 13470cpm (224.5Hz)/ 6.31m/s” 224Hz
' 14600cpm (243.0Hz) 248Hz

Fig. 232 F7|# Sdd= HE Fsiude dso=, 3z Aol
946rpm 2 B 1147rpm7t 2] EL 2 , 2813 1094rpmeol A Hd B F S e
Wl =35 4539 7.5%E A AEAN ?‘%}oﬂ wt AFol HH AFLE ¢
4 lon, 624 1898rpmol 4] =& R LHERS T Fig. 2.32(byel 33}, 45
2h, 6t 2 7.5%k) S vEhdidY ZF AR A A E7HEEE 109%mpm
37} 3282cpm(54.7Hz) 12.977%, 1948rpm 4.53F 8766cpm(146.1Hz) 9.65m¢, 1898rpm
62 11388cpm(189.8Hz) 8.3m¢, 22|31 1796rpm 7.5% 13470cpm (224.5Hz) 4] %9
A 14.5m¢0 2 el Fig2.32(c)e] T47% 4 48, 80, 144, 136, 216, 248Hz9}
Fig. 2.32(b)2] 3%} 2837cpm(47.3Hz), 4945cpm (82.4Hz) 4.5% 8767cpm(141.1Hz),
67} 8393cpm(139.9Hz), 7.5%} 12729cpm (212.2Hz), 14612cpm(243.5Hz) 748
AEx7t A dRste] 2R FHo] v g,

—""""1—‘
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5 Aotating speed(ronmx 1000)
Order

(a) Order analysis (b) Campbell diagram

vipration amp.(m/s?)

00 02 04 06 08
Frequency (kHz)

{c) Impact response spectrum

Fig. 2.32 Vibration characteristics at the starboard after part of
engine bed(Myungyang-ho, vertical direction)

Fig. 2.33(a)= #7194 $8 vz %9 #9493 1522, 3347 800mpm*F
B A3 F712 Bolgrt 1094rpmel A Hd HE& JeERH AT Fig. 2.33(b)
o A= 3aF Al Bo) E=stAl velwke o, 1027rpmell A 3 2] 3082cpm (51.2Hz)
Mo AE HEE7 Ho) 636%0 2 UEGTL Fig 232(¢)9] 3455 48Hz
s} Fig. 2.33(b)2] 3z} A%<l 3082cpm(51.2Hz) A A3 AEF7t Ao A o

jud [e}
o] AR FH o) WAsL Tk
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(a) Order analysis (b) Campbeli diagram

Fig. 2.33 Vibration characteristics at the starboard after part of
engine bed(Myungyang-ho, athwartships direction)

Table 2.18 Natural frequency of the starboard after part of engine bed

Direction Order Peak frequency/ Max. response Natural frequency
2837cpm (47.3Hz) 48Hz
3rd 3282cpm (54.7Hz)/ 12.97m/s’
4945¢cpm (82.4Hz) 80Hz
5695cpm (94.9Hz)
4.5th 8766cpm (141.1Hz)/ 9.65m/s” 144Hz
Vertical 7195cpm (120Hz)
6th 8393cpm (139.9Hz) 136Hz
11388cpm (189.8Hz)/ 8.3m/s”
12739¢pm (212.2Hz) 216Hz
7.5th 13470cpm (224.5Hz)/ 14.5m/s’
14612cpm (243.5Hz) 248Hz
2299cpm (38.3Hz)
3082cpm (51.2Hz)/ 6.36m/s’ 48Hz
Athwart 3rd 3597cpm (60.0Hz)

4345cpm (72.4Hz)
5845¢pm (97.4Hz)




F71 S = 59 At F AU 105N d HE e
AgolMe 752k Aol 24 Jelden], 1 9 Une 33 A& gel =
A vebdl. B3] 7.52 A9 13470cpm(224.5Hz)& 1 H/-3E4 216Hz AR
o] F g REFHo] AFo]l FEH HAog Aty 334 RS F 7|
A Faed 8 A% Aalud J15E 9d 4F Jepidde IdFRY o
A dEden, $d 4% HFoud A5 £F HE AWEg AR
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S Z+Zb Fig. 2.34, 235 2 23600 vERUILc) Fig. 2.34(a)s AelyE 2150
2, 128 A &2 1800rpmoll A E& AF S el en, 1.53E 1299rpme A
A #AE5S Jdehoh Fig 234b)el 12k 2 1.52 AR S Uehdon,
o AE7FSEE 1530l A 1649¢pm(32.5Hz) A B o) 6.66m6 0. 2 L}Eelyic)
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(a) Order analysis (b) Campbell diagram

Fig. 2.34 Vibration characteristics at the reduction gear
{Myungyang-ho, vertical direction)




Fig. 235(a)= #5719 &9 AF5oz, 3271 895mpmel| A & IAFS
174 1598pmeol A H o) 2A5-e vehlgich Fig. 235y 14 2 33 A&
el @ om, 1598pmoll A 13+2] 1598cpm(26.6Hz) A ol A A E 714 T 71 2 )
83290 2 UEryTh Fig. 234(c)9] /55 40Hz, 56Hz9} Fig. 2.34(b)9] 3z}
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Fig. 2.35 Vibration characteristics at the reduction gear
{Myungyang-ho, athwartships direction)




Fig. 2.36(a)= HFee IF o2, 1347} 1545pmol A Hd e YE
Wlem, Fig. 236(b)elAd 1 AEE vebAA  1545rpmel A 13k
1545cpm(25.8Hz) A Holld AF7SE7 o] 249760 = VEfSTh

OZ.M-JH’:.(SZ

~
ibration amp.(m/s2, rms)

=
v

Vibration frequency (cpmx 1000)
=)
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(a) Order analysis (b) Campbell diagram

Fig. 2.36 Vibration characteristics at the reduction gear
{Myungyang-ho, longitudinal direction)
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Table 2.19 Natural frequency of the reduction gear

Direction Order Peak frequency/ Max. response | Natural frequency

1199cpm (20.0Hz)
1348cpm (22.5Hz)
Ist 1545¢cpm (25.8Hz)
Vertical 1747cpm (29.0Hz)
1899¢pm (31.7Hz)

1.5th 1949cpm (32.5Hz)/ 6.66m/s”

1598cpm (26.6Hz)/ 8.32m/s’

1st 1747¢pm (29.1Hz)
Athwart 1949cpm (32.5Hz)
3rd 2886¢cpm (44.8Hz) 40Hz
3296¢cpm (54.9Hz) 56Hz
1250cpm (20.8Hz)
Longitudinal 1st 1545cpm (25.8Hz)/ 2.49m/s”

1780cpm {29.7Hz)

233 A& AFH ISO D DNV 5 &7 7 va Fr}

1) 1ISO 69547174 2 DNV 3] &7)%

dubel AFdEAE QAAAezRH B AFY 2 ZA]A, 17159 J
A, FEFAY AFe&d & nesld dAF ook shAvt, Zh7te] &8
of HEdol vt2ng de2 HHEe o] grh

=M e s e 4AF dutel g AEPshtAe] oA glom
2, Hlig A% FgAHORA Awt Jdd did & 9 FHUER T
T 7F2]1 ¢l Table 2.202] ISO 6954 2 Table 2.212] =2 ¢o] 4 F(DNV)9] A%
5 &71EE ol &3 =E 3t}

FAZREE7F(S0) 1A A(TO) 108(FE B 57) 2bste wE
3 SC2ol M & b AFASH Frio we 74 MG S gFsin

—

.

|t H&JE




JtFo 2 RE MA A% &34 <] Agh A4 diolee 3, AFHY
Mol olZE HAE, olF ETE AMe g Fg 3 71 A (guideline)s
19840 ISO 69545 Z¥E3g ).

Table 2.20 Guidelines for the evaluation of vertical and horizontal
vibration in merchant ships(ISO 6954)

Frequency range

Limit line
1Hz~5Hz SHz~100Hz
Upper limits Peak acceleration Peak velocity
285 mm/s’ 9 mm/s
Lower limits Peak acceleration Peak velocity
126 mmy/s® 4 mm/s

#) 7z A (peak value)= 1SO 48674 Aol® Hu) MEAFE vhehdnh,

°] ISO 73L& #HrlEYFoR 7t&xe X9 FIA(peak value)E o} -§
&t glen, 60cpm(1Hz)~6,000cpm(100Hz)2] A FS B ol s 3713 H o]
A% 2, 60cpm(1Hz)~300cpm(5SHz)ol M+ 7t& % AR, 300cpm(5Hz)~ 6,000
cpm(100Hz) G oM = &5 A2 LA gho] Foj4 .

A7td G 3709 Ao g Fo]zx, Table 2.202] 3}3Hlower limits) ¢]3}2]

4 3] Adverse comments not probable < <3 13tz A Sk(upper limits) A}o] €]
ThAd(F-gdd) 2e]a1 AE o]Ae]l Adverse comments probable & 0%
TEEHT 7N FHFEL BB E FHEHT v A4 IeEAS W
P AoR HdEgd

o]

o =4
FAL £ 2ol 100m ol el B E: o Fo# gAA 4
(hulD®} A5 & S (superstructure)®] A5 H7FE Ao 2 3o},

_59_




Table 2.21 Vibration limits of DNV guideline

Items Vibration limits
Vibration Peak displacement 0.5mm, peak (1.0~3.2 Hz)
level Peak velocity 15mm/s, peak (3.2--100 Hz)
Damage Peak displacement 1.0mm, peak (1.6—4.8 Hz)
level Peak velocity 30mm/s, peak {(4.8-~53.1 Hz)
Peak acceleration 10m/sz, peak (53.1~100 Hz)

DNV 2% #rlgorn A% WY, £% % 71&£5 5 o/ £33 1.0~100Hz
o] Mol FEFdgol uet FAFE & g Joy, VIATFEZEY &
ol gt HE&AE g4 A ot F, e T d A E JAEF
WYl mel 1~32Hz Helo A= 44 ¥92 922 05mm, 3.2~ 100Hz9)
Ao 93 £52 15mm/se] FAXE HAsn Qo of2a] &4d
o HAGAZAE MY AEs VIR FEIT, 1.0~48Hz M= 4 ¥
g #H23x 1.0mmss, 48~53.1Hzol M= A HE42FeE d3A 30mms,
53.1~100Hzol| M= AR 71&5 FRoezA H=Z 7145 0m/s’o 8 38X 3
A Yk Adbel A RESF 93-S HA4 1Hzel A FHd 100HzZ FA3 &=
e {Hz o8l ZAAlFoes I¢]3 100Hz oAty nFadfd e dAsxe
TE2EY XHAAY WAL o R HFH7| fFo|th

Jl

2) 7198 AA =499

Ned AA Ze gRe] Asplad Dgel diEd Wk AR Fig 2373 2
th. Fig. 23704 AM, DA 2 FAY Ak 94 Je&Es 420 11.5mms,
9.9mm/s 2 6.4mm/sE VFFEZL A, D, FA o2 a7 Jehyith olwfe] AE
Z3h43= Z+z} 87Hz, 77Hz 2 150Hzo|th




10°
102 AN )
3 £
£
E L =
E . DNV 2
g @
o o2
o 10° 3
> (&)
10 <

10?
’
103

Frequency{(Hz, com/60)

Fig. 2.37 Comparison on vibration values of the engine room bottom frame
A( ® : vertical, [z : athwartships, BB : longitude)

B( € : vertical, < : athwartships, € : longitude)
D{ @ : vertical, @ : athwartships, @ : longitude)
E( @ : vertical, ® : athwartships, B : longitude)
F( ® : vertical, ® : athwartships, @ : longitude)

ISO 69542 & g-atAA9 71¥al A Z Py AFAE
L 18O 71Xt ¥ AME g4 wuh aal FAe AS+
T HdWed 100HzE Hojuh otk DNV 7|&3#%e] vlio M= A, D
BE F4ddud vk ol AHT Frldd A A & %
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2Rt o] A Ao BYHH, 44 Zdy PR AFS £FVYS B
se 44 Zalddel 2 9L AA e ez o 10 NFLG EA
vehbs WS AP faME 13y 44 Zddd 23 2 33 gy

T 1 Zavt ok

7184 449
7134 Tk Aol AFurske) ojd AEwrbe] Auli= Fig 2383 Zon, A,
B, D4lgl ¥z A = ZhZ} 7.5mmv/s, 1.7mmvs, 26.8mm/sE D, A, B4 ©£28] =

]
712 hebsteh olme Al Fuh5 27 85Hz, 102Hz 2 82Hzolt.
ISO 6054 3|83 7|BA FAMe] UFL HlwaY, A BHL 7|FN
g wtew, DHe A9 3MAE ok £ DNV 7)|Ede] mmelqE DAL
A

ZIEEG ¥ W9, A, BAE 20 oP® w2 AUES VHd Fd A4ge o
]
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Fig. 2.38 Comparison on vibration values of the engine room after
end bulkhead

4 dae=

#H= dzwaol 9k s AFEHPr Ao Fig 2399 201, A, B, D,
FAlel M3 AEEEE 22} 42.2mm/s, 2.4mm/s, 21.8mm/s 2 58.3mm/s=, F, A, D,
BX oz =s Jepdch olwo] MEg= zhzh 85Hz, 214Hz, 66Hz 31 75Hzo)
o}

Fig. 23904 ISO 6954} R= Agela AFe vaed BAL 7|&dRth ¢
o1}, B, D, FAL 71ZERT}h u$ gony, Fieol Ad = debyth DNV 7j&
o] Wl A= A, FAL 71FRT 54 vEhds 9 B, DA WA vEbdth

LNLEE W
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Fig. 2.39 Comparison on vibration values of the port fuel oil tank

—o

F dudga A9 g A1E5H7 29 Fig 2409 o, A, B, D,
u%iﬂ £ Z47F 19mmvs, 8.9mm/s, 33mm/s 2 82mmisE, D, B, F, A4l
2 AA e ol X% 4= 70Hz, 74Hz, 83Hz 2 S57Hzo|c}.

Fig, 24001]}«1 ISO 69549} §-% dAge)n AEo H]_u_oﬁ*‘] B, FA& ISO 42
HE&dY Fadug v, A DAL v)ERd m$ %4 eyt DNV 23
o] HadM s DU ZlERY 4 UehudeE e, A, B, FAL /A HT} w
LhERLEST 9l

#F 75 da"ae 9a JF5S550 DNV 7158t 3y, L2349 9o
AERAY F2182 o A8t 7] gfe] BE Ao sAel Aaw 4
Uem we HPSA "k

FA
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Fig. 2.40 Comparison on vibration values of the starboard fuel oil

tank

59 dut] FAg Wyow drwag Aded 4XHHGE H3 gae)
AFo] ¢ gamo W5 wA Yehte § A 93 dsdad dF gol
A dekdg o 5 Qor, o $98 20 P UL oz A
Mube] Axs0 s AE 277 d2d Yege o 2 9tk mad, A9
Aub dgwiae] S, FRP g 722 dssdd AFoe] AHAHo2 HudsA
we] @A 5 ogkdo] S EY, AF AN oRE: Auwa Az A dada
Hy-oll Suff =y R Bitel Hasts, Azt ds BagE A 23
Alells @&l 2&AZ Fof &3 dteofsiy, dawla stie AFAd A5E
WiAshe MY 5 247E Bast A
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5) 71443 A3 9 A8 =4

Z1ad AaAd A AR Zedde detwEd dist EEs A9
Fig. 2415 2t a9elX A B, D, F AEEEE 7Jr7-t Ammys, Imms,
11.8mm/s  12.5mnvsE, F, D, A, BX <02 37 veiygd olrfe] AE4= 7}
7} SOHz, 144Hz, 34Hz 2 34Hzo|v}. Fig. 241004 ISO 69549} 7|4 A7 o
AR7E AR Z9)9) A x|e) vl A BHES s &7|FH0 21, D, FAS
715t =k DNV 7]&7e) wiweAe A, B, D, FAl 25 HEsL&7)89
15mnvs 2o} v A Jepgd mabd, SO 7]FH s ok =01}, DNV 7|&H
the 0} dong 7|od AoAH AUT A5 Zd9 A9 ey g,

r)~
Lo
B3
H

T 5ol gk &4 dEke gls AR dAdgdr
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Fig. 2.41 Comparison on vibration values of the top frame of engine room
fore end bulkhead




6) A5y AW 35 =49

deAe Agtde A48 Zy A Adstgde] REHst ZAds Fig 2429
Zgon, A B, DAY Hadxs£ee Zz 112mm/s, 324mms 2 23mm/sZ, B,
A, DA9] &A= vebgt o|we] ZF4 7He} 41Hz 26Hz, 107Hzo| 4.

SO 69549} vlwste]l KW, DML &R 1 A BAS JHE7ERYT
2% % DNV 7]E39] nluds A DAL 2% sjgedEct o), BA
& &4 gddede A deidch meby ZE o] Az 2Ed 4%s

B

wow, wre) F9 Melq Siol $4F F Ae Aolth
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Fig. 2.42 Comparison on vibration values of the top frame of fore peak
bulkhead
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Fig. 2.43 Comparison on vibration values of the upper crew's room
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Fig. 2.44 Comparison on vibration values of the bottom crew’s room
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Fig. 2.45 Comparison on vibration values of the front superstructure
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Fig. 2.47 Comparison on vibration values of the top after end of main engine
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Fig. 248 Comparison on vibration values of the top forward end of
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Fig. 2.49 Comparison on vibration values of the port forward part
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Fig. 2.50 Comparison on vibration values of the port after part of
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Fig. 2.55 Noise characteristics in the engine room(Myungyang-ho)
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Fig. 2.56 Noise characteristics in the upper crew'sroom
(Myungyang-ho)
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Fig. 2.59 Noise characteristics in the top funnel(Myungyang-ho)
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Fig. 2.61 Comparison on noise at the engine room of
observed boasts, IMO and DNV guidelines
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Fig. 2.63 Comparison on noise at the bottom crew's room of
observed boats, IMO and DNV guidelines
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Fig. 2.64 Comparison on noise¢ at the wheel house of observed .
boats, IMO and DNV guidelines
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Fig. 2.65 Comparison on noise at the top funnel of observed
boats, IMO and DNV guidelines
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Fig. 2.68 Order characteristics at the bottom crew's room
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Fig. 2.70 Order characteristics at the top funnel(Myungyang-ho)
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(OKI, SW1001), #x]ZZ7|(OKI, SW1007), dlo|g @ Z=(SONY, PCH44), =
Z7)(B&K, NEXUS), #HA5=R7)(B&K, MMO0024), £ 4 & A3 3E(Tektronix,
HS72 0A)Z 433t om, Ax APL Table 237 7o},

TN

Data Recorder

Oscilloscope

Portable Underwater

Data Sound Level NEXUS
isiti Mete Conditioning
thilltusmon o Amplifier

. Note Book Hydrophone ‘e Tachometer

Fig. 3.1 Arrangement of the measured and the analyzed instruments for
the underwater noise
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Fig. 3.2 Setup to measure the underwater noise at drifted ship
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Fig. 3.3 Measuring method of the underwater noise for small boat during
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Fig. 3.4 Spectrum analysis of underwater noise
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Fig. 3.5 Comparison of underwater noise emitted by two small boats
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