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Abstract

The combined deckstructure-car system of a car carrier is especially sensitive to hull girder
vibrations due te mechanical excitations and wave loads. For the free and forced vibraticn
analysis of the system, the analytical methods based on the receptance methcd and two schemes
for efficient applications of the methods are presented. The methods are especially relevant to
dynamical reanalysis of the system subject to design modification or to dynamic optimization.

The deck-car system is modelled as a combined system consisting of a stiffened plate
representing deck, primary structure, and attached subsystems such as pillars, additional

stiffeners and damped spring-mass systems representing cars/trucks.
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For response calculations of the system subjected to displacement excitations along the

boundaries, the support displacement transfer ratio conceptually similar to the receptance is

introduced.

For the verification of accuracy and calculation efficiency of the proposed methods, numerical

and experimental investigations are carried out.
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Fig. 1 Coordinate system of rectangular stiffened
plate subjected to a point force and transverse
and rotational displacement excitation along

boundary
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Fig. 5 Rectangular stiffened plate having pillars and 2-point damped spring-mass systems
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Fig. 6 Free body diagram of rectangular stiffened plate having pillars and 2-point supported
damped spring-mass systems
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Fig. 8 Free body diagram of rectangular stiffened
plate having additional stiffeners
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om, EHE EE E BHRE W),
8,()o] B A =t

0.(t) =&

7oz, ¥ @),
r(z, yi @),
EE
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oltt. G714 Flw) 2 D(w)e f(&) 2 W), 6.
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Fig. 9 Numerical and experimental models (unit:
mm):
Primary structure: unidirectionally stiffened
plate with simply supported boundary.
Model-1: primary structure with an atlached
additional cross stiffener.
model-1 with attached two pillars
(+) and a undamped spring-mass
system (X).
model-1 with an attached damped
spring-mass system at center.

Model-2:

Model-3:

cross stiffaned plaze |
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Fig. 10 Installation of vibration isolator
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Table 1 Comparisions of natural frequencies(Hz) and computing time (CPU: sec.) of primary
structure and model-1
model ‘\ primary structure model-1
method | AMLM* | FEM, | experi. | "SI0 | AMLM* | F.EM. | experi,
1 23.33 | 2331 | 240 41.98 | 4198 | 41.62 | 40.4
2 40.43 i 40.45 i 43.2 { 84.20 ‘ 84,23 | 83.42 ¢ 82.0
order 3 . 76.43 | 77.30 | 80.4 93.20 |,  93.45 02.37 | 93.2
4 84.20 83.37 ‘ 81.2 112.07 112.07 108.0 i 101.2
5 | 9320 | 9260  94.0 117.57 117.86 u8.2 | 172
run time ‘ j | 33 l 64 ' 1,521 t

* the assumed modes-Lagrange’s equation method

Agstd s, KRS ERNRES dd 59
Hiet.
6.1. Model-1

model-1¢] EHIREIEMES 4.249] FHikd o8 T
%o glolA primary structure®] receptancer 4 (4)
A p=g=5% Hatd A1) & dx B H
s #WAIFS] receptance: A (36)e A {EXk 5 ¥
B Ao Bk zEstd Age.

hEes Aes HAAE rZHdozn HFolo
assumed modes-Lagrange E&HERA Fik(AMLM)$
HBEEEA 98 HEFES F$0+. AMLM A&
A BEEE 3L @S BAdsE FFE p=¢=5
= #s9x, FEM #44 RAAE A 247, &
EE 2167 R REFR 10212 24y SAPLE AL
£ o},

BEEEDES 494, A4Adst 4 Adzs AL
Table 161 2 ukeh Zvh. o] ZFE receptanceljik
of ol% #EEe Rg4del i HEFERMS
AMIM =+ HREFEER] 3§ GEMH HEA 13
ok 50% =& 2%4E ¢ + =

3 WEIES receptance ¥ SDTRE Zg4o2
AAEy] €8 2.38e AAE F e 544dE A
ety 53 #EHES YUt scheme-18 444
higher mode factor® R=0% 2B A 715 Lut 25, 15,
10, 52 @37 o™, scheme-29 A& & 0%
%z Auc, & A% AT FEHESH FELERE
Table 2¢ 2k, o] & ¥ scheme-29] HE4 o]
scheme-101 43 44 ¥&& & F gl

6.2. Model-2

model-29] EHEEEIES 4.129) receptance Hik

o od Tl helA

KREEHRBEEE H2TH ¥ 2% 19904 64

primary structuredl cross

Table 2 Comparisions of natural frequencies(Hz)
and computing time (CPU: sec.) depending
on ¢ and L (R=0): model-1

order run
(2 L¥*

1 ‘ 2 ‘ 3 time

2% 41.98 | 84.201 93.20 | 33

0. 15 42.04 | 84.20 93.29 | 21

10 42.04 | 84.20} 93.20 13

5 42.57 | 84.20| 93.20 7
| 25 | 41.98] 84.20] 93.20 1.7
L ‘ 15 42.04  84.20 | 93.29 1.2
10 42.04 | 84.20| 93.29 . 0.6
5 42.57 | 84.20 | 93.29 0.3

* For definition, refer to equation (32)
** For definition, refer to equation (28)

stiffened plate®] receptancer A (4)elA p=g=5=
H&te] A1) €8 A9}, vibration isolatore]
receptance® AAE 7] 8 2=z HWH ¥ FHEES
o) 98] 9L Az A E=8.04X10°N/m @ m=
11.65kge AH&¥ o, Bele 2= HEKE £,=9.8%
10®N/m2 # g},

HE#%E Hez HFREXEA 3 8ER 5FE
= YU, AREFECD ¢ HEA
structure¥> model-15 £ 34 =ulgstz, 3 ¢
HE-2Z3d%Re 74 2-Dtruss BE 9 #HEES
o] &-3te] o] A3 A Fct,

EHRERe S ERREC A& FHRE Table 30 %
.o, receptance fiEel 2| mode shaped Fig. 11
o 2gith. Table 322 ¥ receptance FiEe] 2
3 AR T4 Fuste FHEREE BRESREA

primary
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Table 3 Comparisions of natural frequencies(Hz)
and computing time (CPU: sec.) of model-2

~__method| receptance
order ™—__| method
|

F.EM. 1 experiment

1 36.65 | 35.9 ’ 35.5
2 ! 91.91 91.4 | 94.0
3 99. 62 9.6 99.5
4 107.21 105.1 103.0
5 110.66 106.6 104.0 ,
(%) 2od sode 3 FL.71 Ex e} T2 zede ;TeLIT Iz
run time } 19.5 1442 |

A% HEFES HE 4 1.4%0 2L & 4 g,
@ 2.34e 4 AAF F e 58S AEF
7] 9T BEFES 599 ). scheme-19] 4 &4 R

0,1,2, L=25,15,102%, scheme-28] &84 e=02%, Gt e e T

1%2 %% Adgen 4 Ate 43 EARSH 3 Fig. 11 Mode spapes of model-2

FRRRSE SR E Table 4ol vk, Table 42 8 e 9t AGNY $44€ A5 94 model-3

oo AgA4E AL AERE & 5 ded o= €+ Mo EEFE 2 HRS 98,

FH 7 S5k B Bao2 ol FoA HEeW BE vibration isolatere] oilS FUHPL o WEEE:S

el el s F e FAA] L3l Ao xe HEE S %9 transfer functiond EHIste] half power

Aelet, point bandwidth method(22]e] 9l&] & oz 4
6.3. Model-3 ¢=3.01x10°N-sec/mo] v}, = primary structuredl

MRS MEHES 5 HEH BERY RE cross stiffened plate®] modal damping ratiocx &

Table 4 Comparisions of natural frequencies (Hz) and computing time (CPU: sec.) depending
on R, ¢ and L: model-2

i i f

. | | order ;
R* ICH) L* i i run time
| i 1 ; 2 ' 3 | 4 5 ‘
‘ 25 36.35 91.91 99. 62 107.21 | 110.66 i 19.5
0. 15 36.49 91.94 99. 85 109.36 113.62 12.7
0 36.97 91.98 100.42 109.77 117.32 9.2
0 v «
: 25 36.33 91.90 | 99. 63 106.97 110.59 6.4
I 15 36. 48 91.93 99.36 | 109.33 ©  113.38 4.7
10 36.95 91.97 | 100.44 } 109.76 |  117.04 3.9
o. | 15 36.35 91.91 99.63 |  107.44 110.7 13.2
10 36.36 91.92 99.69 108. 01 110.92 9.6
1 I
T 36.42 91.95 | 99.79 107.37 | 111.20 5.0
L10 36.36 | 91.91 99.72 106.85 |  110.48 4.33
0 1 36. 35 91.01 | 99.62 | 10.22 ‘ 110. 66 14.2
L10 36.35 91.91 | 99.62 | 107.31 |  110.69 10.3
2 i - :
i 15 36.35 91.88 98.60 |  100.31 109.96 6.1
| 10 36.35 91.88 98.66 |  100.33 109.96 | 4.9

* For definition, refer to equation (28), ** For definition, refer to equation (32)
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Table 5 Exzperimental results of modal damping
ratios of model-1

order \1]2J3i455

modal damping ‘
ratio (%) |

l 0.52 ‘ 0.31 ; 0.60 | 0.46 \ 0.66
|

0.10 . ) — : '
\ =
> L
2 R ]
[ B \
4 - \ |
- N out-of-phase mode
= 0.0n N emmmens |
= o,
I //;,_,_—O———e——a—-
r /‘ in-phase mode o
0.00 L O .
°.0 9.1 0.2 0.3

Mass ratio (Ms/Mp)

Fig. 12 Modal damping ratios of model-3

HikeZ Rl o8 dgles 2 #RE Table 59
ZFk. ol WEEHEE 83t model-39] MEEM:
£ vibration isolator®] HHERS wWIAAAA 4
G 98 ddes = AxE Fig 120 EEkfEs
A vGebiglel. Fig. 122 ¥ 8 AAASE HRE
ko] F-3tAel wlad FigE ¢ ¢ A+

PiR—HE PR BHESENS 8 54804
AR Hike] B4 9 52448 AEIA] 98] F
Sroll #EARRIES (O 4&3tE A+ B%E 59
HhHE =t O BiaiR W), 0.(0 =t 0,00
7t AE3E Aol Hdte Aol 4o REFEES
Ak, EiRFES Fig. 130 2el ulgl o] 3M4 pulse
o] ct.

model-19] receptance =¥ SDTRE A 24 (4)
EE ADNA p=¢=T2 HIP. = A(73) =&
A(74)9] #ERTE FFT algorithme] 23] 433}

wo(t) (em)
'}X(c) (rad.)

£(£) (V)
5.0l Gi(t) (rad.)

t(sec)

TP=32Tf

t(sec) |

0 Tg=0.033 T =32T, O1.20.0%3

(a) point excitation force (b) displacement eucitaticas

Fig. 13 Triangular pulses applied to model-3
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5

Table 6 Transient responses at center to a point
excitation force at center and displacement
excitations along boundaries: model-3

method

excitation® | Feceptance method | AMLM**
vp:flllfe at center é):ﬁl‘{e at center
(Cm) (Sec.) (cm) (SeC.)
S 0.069 0.021 0.068 0.021
do(t) 0.016 0.021 0.016 0.021
6.(8) 1.45 0.021 1.43 0.021
6,(2) 0.967 0.021 0.951 0.021
run time o~
(CPU Sec.) 93-7 119.4

* refer to Fig. 13
** the assumed modes-Lagrange’s equation method

THANSTENT RESPONSE TO TRANSLATICNAL BISP. S(17/7i0s

——4

HAXIONS ; TIME = 0.2B66)-81 Sec. AiPL = B.I611b-85
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(a) the receptance method

TRANSIENT RESPOMSE YO TRAMSLATIONAL DISP. IXCITATION
MAXINUY ; TIME = B.2856D-81 Sec. AMPL = 8. 15381-B1
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TR IATIR A AR IR
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I

S Camt S
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===t
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(b) the assumed model-Lagrange’s method

Fig. 14 Transient response at center of model-3
subjected to transverse displacement excita-
tion along the boundary
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$}3] forcing function?] time period 7T,& pulse
duration T,¢] 324 2, sampling data = 2002
HAet., TE HWEE BWeE RAAS zoAdozm

el AMLMe] oi3t BEHES +d3s. o=
WEHE JH1A L AW =& A0 L3tz g+
= p=q=72 H{+}.

BEE BR2A BXRES = 49 Bl HE
48 B 2] Table 60l By th. = BEEES
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7. 8 W
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