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Construction of Analysis, Assessment and Prediction Method for Ship Superstructure Vibration
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Yasuhisa ICHIKAWA, Koichi HIRATA, and Hikaru KAMIIRISA

Abstract

To evaluate/predict the ship vibration is among the important problem for ship designers. Although the full scale finite element
analysis has been widely adopted in practice, accurate prediction of the ship vibration is still recognized as difficult. To construct
an efficient prediction method for ship vibration, in this paper, an investigation into the vibration of superstructure of ships in
service is first made by collecting the onboard measured data from various ships. The root mean square (RMS) values are
calculated from the measurement, then those are compared with two ISO standards, i.e. [ISO6954:2000 and ISO20283-5:2016.
It turned out that the rate of exceedance of the RMS values over the ISO standards significantly depends on the area division
and ship type. Next, focusing on typical measurement points those have represented high RMS values, a series of spectrum
analyses is made via FFT. Through this analysis, the decisive factors from which high RMS value is conduced are identified.
Finally, utilizing the onboard measured data, a prediction method for RMS values based on a backpropagation based neural
network technique is proposed. The area division, ship type, principal particulars, and engine information are used for input
layer. Consequently, an effectiveness of the present prediction method is confirmed by comparing with the measured RMS

values.
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1. FANE

I 1SO DB LAMT O, P BT I IRBIOFFAMES B S D RiAA & EnTnsd . BRI, #l
Z XM D JEEX (Crew accommodation area) (Z351F A IREIDOFFA RMS (root mean square) fI%, fEkD
1S06954:2000 2331 F 5 6mm/s 75 18020283-5:20162 Tl 3.5mmys (25 & FiF bz (K1), FDizsh, ZE
T — & OFHIEFTCHEIZIS UM 242 2, 1SO OIRBEFFAMEOEBINME 2 7ML 2 LERH 5.

BUE, BEMATIZR T DIREN T HIZEM FE BT i CTH S, LA L FE fHT Tl ERE A L~ ¢y
HFRETH B L STV DD, FEERG L T2 L RHIOEEROHEENRE 27D, EOTHEE N5 Tk
RNEINTWD., £ TAMETI, £, BURICEIT 2 L& OREGEHT — & 28k~ ZefifEIc DU\ C
IWEEL, #RE)RMS & AFE/NT A—2 & OBWREZFA L7, WRIZ, IRE) RMS EOEWEHIT — 2 Bui 2 5512
AT NIRRT ER L, ZOTFEREZFTTZ. I, B Eo—fMThir=a—7 13y U= ZHN
7o HRE) RMS O PRREZIRE L, ET —# & OHERIZ L 5 MEEE1T > 7.
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2.1 RBHFRER VAT — 2 =

2.1.1 REEFAE

BT 1S06954:2000 [ZHLE SAL TV DM A X 2 1287, 1S06954:2000 T, HEMEE & LT LRl (upper
value) & TBRfE(lower value)Z HHE L TRV, FFARMEE LTI ERMEZ V5 2 L2320, 1S020283-5:2016 [ZHLE
ENTWAIFMEZX 3 17T, K3 Z£K1E, 18020283-5:2016 TH L EFSNZELTH Y, K3 HAHOHE
% —HFEfT 2 HETHDH. 703 RMS EORD H1E, 1S06954:2000 & 1SO 20283-5:2016 THIEL TWE Y,
HE WO)DWE, RMS E v 13QR.DRUZ X S

T
wm:/%Lvm%ﬁ

IRBAMFIEIZBWTIE, = 7R OEFRNIER 1ITHED.

2.1)

Area classification

A B C
mm/s? mm/s mm/s? mm/s mm/s? mm/s

Values above which 143 4 214 6 286 8
adverse comments

are probable

Values below which 715 2 107 3 143 4
adverse comments

are probable

2 1S06954:2000 M E#E(E
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Type of occupied space Guideline value
Crew spaces
, 3,5mmis
Crew accommodation 2
125 mm/s
6,0 mm/s
Work spaces 2
214 mm/s
4,5mm/s
Offices 2
161 mm/s , ; :
Type of occupled space messured spaces with | allowed.
5,0 mm/s i i
Navigation bridge and engine control room 5 for which 10 or more exist on a deck ding vibrati d
179 mm/s
Crew spaces
. 4,5mm/s
Open-deck recreation spaces 2 Crew accommodation
161 mm/s
Work spaces 10% 1,0 mm/s
Passenger spaces Offices 36 mm/s?
_ ) 3.5 mm/s Open-deck ti
CabInS and publIC Spaces 2 pen CK crew recreation spaces
125 mm/s Passenger spaces
_ 4.5 mm/s Cabins and public spaces 1,0 mm/s
Open-deck recreation spaces 2 - 10% ’
161 mm/s Open-deck recreation spaces 36 mm/s?
3 1S020283-5:2016 MEFAME
1 TUTRHERM
1SO20283-5:2016 abbreviation 1SO6954:2000
1. Crew accommodation CA B (Crew accommodation areas)
2. Workspace WS C (Working areas)
3. Office OFFICE B (Crew accommodation areas)*
4. Navigation Bridge NB C (Working areas)
5. Engine control room ECR C (Working areas)*

2.1.2 TmMREST—2#8E

TETAMEEN T — 2% OMEE £ 2 1. IEET — X2 1X XY.Z FIACoEE L CIEE L=, 7=, 7o
FOEGE, FHSEANR—A TR 4 17T, A NVE T —OTIHRN T/ 7 v U T BONE L, b7
WA PCC, PSVX°FERRY b & £ TW5.

x2 FMMIRET—2 OME
£214 162 £
A RS 2846 fEHT (9 BRERFIH Y 314 fEHHT)
(7771, X, Y, ZDOFEIZ L - TEIRER
%)
FHTREE 2004 FF~2016 F
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WARORMS ] 2FT 2L ET2) ODRMSEL K/ (T A—2 L OMEZRT. ERRNS OFHHSEOE S I2iX

BN R S, SVBEREO LN LS e d 2 MRS, ¥,

RO A AN RKEWNZEE, RMSENREL D

fEE STV TN D2, 50m~100m O/NUAMZ BN T H EW RMS [EA I S AR s s, £7-, Libkk
EMOESESEHEOHBE RS L, ®mS/ESHEAREIWVIEE RMS ERE L RDHANMAI L. 728, K5@c)
FHZ FHASEYRE S5 60m 2B 2 5 MBS B 505, TS IEEDY RORO it (N PCC DF — % Th 5.

(209)



68

ERIRASE A RDEE(H) Lpp
40 400
L]
L]
o L]
€ '.- o0
L]
10 15 20
o
20 e
-30 15 20
Vrms(MAX) (mm/s)
DWT
350000
300000
250000
C
S 200000
150000
100000
50000 -
0
15 20
Vrms(MAX) (mm/s) Vrms(MAX) (mm/s)
€ .
L]
15 20
Vrms(MAX) (mm/s)
B5() RMS{ELZEHRINZA—2 LDERE (ZD 1)
EHEIIERH FHRREH
18
16
CHREENNED OOENes 0
14
H‘ 12 oo
10 cumpEEED 3O @> 0 000 ©
CGENREDaENee o o e
8 esmmmwen ®
CENENNNENEE GRENe 0 0® ¢ 000
d 6 SGEEENNEEENOED @®® © oo o o
P L1 J o O ¢ L] L]
4
2
0
20 0 5 10 15 20
Vrms(MAX) (mm/s) Vrms(MAX) (mm/s)
TS TL—F#
7
6 ausmme e ¢
5 | CEEEINNEEDGGEDS ®e 06
=
* 1 cossssssssssssssmeccnn @ @t o o oo
3
* 2
1
* 0
0 5 15 20 0 5 15 20

10 10
Vrms(MAX) (mm/s) Vrms(MAX) (mm/s)

B 5() RMS{ELREHASS A—42 LD (ZD2)

(210)



W BRI st B 198 B 15 (BFonEE) Raemis 69
HEHEEYES LEBEYRS

40 200
35 180

160 S—
140
S . € 120
100

80 o ®

60
40

2 oAt oe oo o

0 L o
0 5 10 15 20 0 5 10 15 20
Vrms(MAX) (mm/s)

LEEEYSS/REL

10 15 20
Vrms(MAX) (mm/s)

5(c) RMS{EELEEHA/ISA—42 LD (£D3)
2.2.2 MFEIC K ZEIE - 24T

B DOF= Y 7 R DFHHED 5 B kO RMS B (LU, ik RMS E) & &30l & OBtk 3
3UTART. ZAUT Lo TEI DD LA A3 7= 32030035 18020283-5:2016 DFFAME A L7254, CA
ICBWTHRBEEL 7220, 19.0%DMMBAEIEET - 720 & W D FERBG S, RIS D & o[ 27,
RN OV LNG LPG #3, 7L 7 % U 7 (BC) ZNEHUTDUN T, 1S020283-5:2016 D CA DOIRENFFAE 3.5mm/s
S OYNB OHRBIFFZE 5.0mm/s ORImAEHREAFEIE LT 4 1Z7F. LNG + LPG OFHHLEE S — A TOFHiE RO
AR R bV ME L 72> TV D, K RMS fES—ZT% LNG - LPG A iafE=RITm MEEZ R LT
%. EbIZ, BC @ CAIZHT DRk RMS E TOFHBRIR G, @V VEIBMERZ R L TV D 2 LR TED.
—C, 21X LNG - LPG OB K RMS fE~— A2 D4, FHliA%IEL CA T 11 4, NB T8 i Th-o7-.
R BB D=L, LV ZL OFHIERLETHL EEX LS.

&3 {EMZAKRMS fiE & FEAENE & DRIR

1SO20083-52016 1S06954:2000 1S06954:2000
Area | B CEFRAE) (T BRfiE)
FERE | AEEA DR | FEAME | AEZBX LR | FPAE | B HHER
CA 147 3.5 19.0% 6 3.4% 3 28.6%
WS 94 6 8.5% 8 6.4% 4 21.3%
OFFICE | 75 4.5 6.7% 6 1.3% 3 12.0%
NB 140 11.4% 8 3.6% 4 22.9%
ECR 85 3.5% 8 1.2% 4 8.2%
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F&4  15020283-5:2016 FFAREICR T 2 EMiE DB EER

CA NB
LNG - LPG | FHllsE~— A 14.1% 52.2%
fEf R RMS fiE 33.3% 33.3%
BC AR E R — 6.9% 6.8%
E AR RMS fiE 24.0% 10.4%
All ships AT REAR— 6.0% 12.0%
E AR RMS fiE 19.0% 11.4%

3. ARG MLEEHT

3.1 &

IEEFENT —# [2E 7 — Y 2548 (Fast Fourier Transform, FFT) ZM@M L, A~V MR ZiT 72, KA
AT S NT OB M VTR OWTESE SR 3)2 2 L7z, FFT TIE7T—X A8 N £ LT 2 OREFi ik
S ABECIET — 2 R N=1024 Z AR L L, 1024 8 X 0 D70 R mB1 7 — 2 I L TR & 70 D 2 D&
FHAIED, 1024 85X D ZVRERSIIT — X IZOWTEM 6 IR T L) 7oA — =T w7 v T afTo0z.
6 R Y , A — =T TR A FRE T D NEN D D0, A TIIHERE E L OSSN TnWD 4 —
IN—T o TRS0%EMA Lz, £z, FERIIT—H &7 0 v 7 X595 2 L1280 AEGENA U, FFT OfER
EEIIIFE LRV ERO O DBEND Z 03D, 22T, V=7 %2<dl, BERYIT—XIZT TV —
TATT 4 RUENTHZENIRATOILTN D, KIS TIE, Z2OHFTHEEMZFIHI TS, (DR
TRINDN=V T T4 RUEGEH LTZ.

w(t) =1-cosQmAf -t) ,0<¢t<Ts (1)

ZIZTUAUD, Blid7my 7 RETHD. FFTICKVEM LA T 0y 71881F 5 AT MLVOWEHbGES L
T, V=T AT MUZEL T, &7 A VRO % NEO 7 v > 7 T RMS H2CTRAE L 7.

aAVE=\/(a12+a22+---+aN2)/N )
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6 A—N—=3vTHTYT

3.2 FHERERT—4

KRETAY MUIT ORISR & LT F ik ST — & % Z 121 CA1~CA4 L X NBI~NB4 & FE5. CA1~CA4
K IOXNBI~NB4 OFMAD F/3T7 A —H %3 51259 CA2 & NB2, KTUNCA4 & NB4 [ZF—ffiaCcdH s, F5 &
D, M & LT L= — 23 TR OIREIR Sy 568 & 72> T 5.

x5 FHERMRMDE/NS A—4

AR | L A | FHIRE S| EREERE | SR | eXT T | IRBIO
(m) (m) (RPM) L— Rk
CAl 2900 |BC | 150 91 6 5 Y
CA2 [225 |LPG |90 103 7 5 X
CA3 335 | OT | 15.0 70 7 4 X
CA4 [330 |OT |[132 81 7 4 Y
NBI 285 | BC | 18.0 90 6 4 Y
NB2 |225 |LPG | 120 103 7 5 X
NB3 195 |BC |- 92 6 5 X
NB4 [330 |OT |165 81 7 4 Y

3.3 ARY MIVEMTERLEER

CAI~CA4 JxIXNBI~NB4 (2RI LT, AT MUEIFIZ L > TEONZY =T A7 MvEE 7~ 14 [TR
9. NERE T — 2 I XHEAL mm/s?, HE T —Z XA mm/s THE— LT 5. FRITIZ Y =7 A7 hVORMEN B
D SR A IR FTRLL T A, T~ 14 £V, V=7 A7 MVOWENFAET 2 JEREIIETUTBWT
1Hz~15Hz DARJER N /2> TND T ERDND.

—RAINZ, AMAIREY O IIRBIGH IR /) & 2 WM EARE OB A IREE & OHRIC I D2 L S Tnd V. Zo
7o, CA1~CA4 K UNNBI~NB4 OIRBILDJRR %5543 57212, IR O ET 7. £ 6 121X CAl
~CA4 } N NBI~NB4 O 72/ OFE & JEE 2~ IREIO SRS (Y J5W) @ CAl, CA4,
NB1, NB4([ZDOWTH TAD &, HEREAUERT) (H AURE) O L A7 MRS RO ©— 7 JE BN
F—E LWL Z Ennhd. ET-, REBOFMPNELAER (X FH) O CA2, NB2IZEHT L, YuaxJ ]
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YIRS IRIERIEDFE R CE— 7 B BAEL TWD Z LR TE 5. —F T, CA3, NB3IZOW T, E&
FHRE 1 & éi%kﬁo_k#m%&w EEHEE ORISR IREN X A & BRSSO ERIRE O RN X
7B Z EbREREEBZ B, ARIOENT —4 TIXEMEOBAREELZ NS 2 LITHRZRVD, 2 OsEdE
BOFBENRKE W EHERHI SN D.

F7z, ¥ 15121 CA3 fif® ECR IZH1T D AT MURHTHERL (Y FIpsy) "L Tnwab. X115 LY, ECR
IZBW IR EIE S 4.6Hz & 82Hz DR NE L IRoTWAN, ZHUEHR 32 L0 7T 1 kikiR/1 & HAY
IREYORIE /A S FIE T 5. HBE=RICBWTIE, FMER D ORENEEIREICE BN TS Z ER
MR CT& 7.

& 6 FHEX RADIEEIR S & BIRBR PR MLBRITRER DO E— U BIREK

AL | a7 L REIES) | 7eT 2k | HBAMEIRS) | ©— 2 EE
Hz R (H L 4RHE)) (R AAH)
TR X 7 L— | TR X 7 | RS X
<1 L— F¥x2 SR
CAl |76 152 9.1 8.8
CA2 |86 17.2 12.0 8.6
CA3 |47 9.3 8.2 7.0
CA4 |54 10.8 9.45 9.4
NBl | 6.0 12.0 9.0 10.0
NB2 |86 17.2 12.0 8.6
NB3 |77 153 9.2 2.5
NB4 |54 10.8 9.45 9.4
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SNZONTIEZENTNDOT Y TIZHOWT, £EFAAEICONTE IDFSEE0 YT, ANEE Lz, 28 - T
T HMEIE X,Y,Z HTAREN O RMS fE L § 5.

=T BHFZEEOODANINTA—4

ANTIINT A =4 HAAZ
=V 7 X5y -
e -
L,B,.D m
DWT ton
EEEmEm SRS | -

(217)



76
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4.2 FPRFERLEER

16 121E X,Y,Z FFIEHREND RMS % = 22— F /L% v M X o TPl L 72 #5585 & EHHE & oz w1, %X
ORI SERME, WX TREZ R LT A, RIS SERIE -+ TREO FEE & 03558 (COV) #RLT
WD, X 16 225, AFETHW =2 —F % v M X2 FHENEIEZ BAF2REE TR A TV D 2 L3R
T& 5. COV I 13%DHFPH T T HINAIRE L 70> TV, Eom RMS E2FH S 725 HILEIC DWW T BAF e
BEMET TS Z LR, 5B EBITT—FR_R—ZZIWEL, A THWZ=2—F /L%y MIHSL
FHEEZ L V(L LTV 2 ERNEERD.

B, ARO=2—F 3y NI —7I1Z K 5FETIIEE T & DWT 72 EH DB 2R > 7237 A —
HAEANTE LD, WFENMEZ D L5 BIBUIR bR oTe. 5% T — X X—AZJLE LI 5GAITE, B
BT HEBRORRPMLELEZ D,

Mean =1.006
COV=10.58 %

XRMS(F BHE)[mm/s]
NN

XRMS (ZEANE) [mm/s]

(@) XRMS
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HIENTE., &6, EUF—2E2HNTC=a—F /2%y W= FHlEZEA L, IEERMSEN B2
FEECTHIRRETH D Z 2R LTz, A% EBIT—4_X—RAZIEL, AR THW-=2—F /L%y MZ
FHASSTFHEZ LD L L T Z EREENS.

#H

AFETIZAAMMIADB R 22 CTEM ST, () BARRBIER =0 TsAOIRENC X 2 EAErE

OFHINZ BT B AT RO 2EH Lz, BRE IR L E B L ET 5.
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