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Research on model test of global vibration of a large cruise ship

LIU Zhe'?, WANG Wei—bo'?, HU Zhi—kuan"?, YANG Zhi—xiong "
(1. China Ship Scientific Research Center, Wuxi 214082, China; 2. National Key Laboratory on Ship Vibration & Noise,
Wuxi 214082, China)

Abstract: Vibration comfort is one of the key technical indicators to evaluate the passenger experience of
large cruise ships. Due to the high superstructure and the large difference from ordinary ship types, there is no
mature approximate calculation method for global vibration of cruise ships. According to the stiffness and
mass distribution of a large cruise ship, this paper proposes a design method for the steel global vibration test
model, and designs two schemes: the equiscale model and the non-equiscale abnormal model. Then the
abnormal model is used to complete the modal test in the air and the pool, and the test results of the dry/wet
modes under the loading and unloading condition are given. The results show that the ratio of the natural
frequencies of the wet mode to the corresponding dry mode is basically unchanged under the loading or
unloading condition. For the same order mode, the ratio of the natural frequencies under the loading condition
to the corresponding unloading condition also remains basically unchanged. The steel-hull global vibration
test model can better consider the influence of added water mass, which can provide a valuable reference for
the design of the global vibration model and the natural frequency prediction of special ship types.
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Tab.1 Calculation results of natural frequency of beams with rectangular cross-section
[Fi] 47 4314 /Hz

~ .

i R R ) R
1 213 42.6 84.8 —BE (x2)
2 42.4 84.8 84.8 —Brash (x—)
3 58.6 116.9 231 B (x=2)
4 114.4 228.2 445.9 =W (xz)
5 115.7 231.0 231.0 Zia ()
6 188 375.0 722.7 PUBY S (x—=2)

FEU, R F B AR e HARR A AR AR AR R A T T e . B 5 m, AT N R, ~f 48
0.1 m; BRI LR 2.5 m, #RIE R B, 24228 0.05 m, 258 R AE/K , JU4E R 2, [ 4
FAAA L BRIy 20 HRETTR A 7 ik
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AL A AR A ) A A, TR S5 4 5 AR A 4 -
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3 ot T BB B JE 95 b Y TE R S T P 1 =HesC s iy e U
Sk, T 1 T (IR A I K BRI L 1 vy fi Fig.1 Acoustic-structural coupling model of 3D solid elements
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Tab.2 Calculation results of natural frequency of beams with circular cross-section
- [&] A 4% /Hz
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4 94.8 92.8 189.6 184.5 s th
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Tab.3 Main parameters of the large cruise ship
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B 323.6m BT E 18.0 kn

SESIERS 287.1'm T Kk 22.6 kn
HgE 372m I KA 6538

KM TE 49.5m K 72.2m

wItzIK 8.26 m SSoNGIE TS 55.2m

NV 8.55m

S BR SIS R B A EELBRANE
(DBELI L

MR 03 B8 f B SR 1, BT A KB D) 2~4 m MY R T E TS, T L 2,018 S,
1:10,1:20,1:508% 1: 10025 b6, HREE A A 322.7 m, AN SCHEHE 12 100 AY4E R dEF 7A=Y

H1E, R 2 3.2 m, ANARE L 3 mm.
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Fig.2 Simplified lines plan of the cruise ship model
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Fig.3 Schematic diagram of the simplified structure of

the cruise ship
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Fig.4 Proportional scaling model of the cruise ship
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Tab.4 Main parameters of the proportional scaling mode
. Esil] FRR o - N
S R 4 BT | IR S5 e W b | TR ie FRELL L
—32 350 268.4 1.3E+07 32 0 2.8E+07 83E+04  54.6
-8 1850 2609.2 7.2E+07 8.4 1.7 2.6E+07 2.6E+05 100.4
16 2516 2802.0 8.7E+07 7.8 1.9 29E+07 29E+05  99.9
40 3019 2802.0 1.0E+08 7.9 1.6 3.0E+07 3.0E+05  99.6
64 3138 30243 1.1E+08 6.8 3.8 29E+07 29E+05 100.1
88 4648 3565.1 1.6E+08 9.4 3.0 2.9E+07 29E+05 999
112 4799 4891.1 1.7E+08 9.6 7.7 2.8E+07 2.8E+05  99.9
136 3551 4778.7 1.3E+08 8.8 8.1 2.8E+07 2.8E+05 100.1
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gk 4
. S iRl o N
s WA /M Ay BT/ | BRI /mm® 254 Bt ke BRI kg WHERLIL R eI
160 4723 3702.0 1.7E+08 9.7 3.4 2.8E+07 2.8E+05  99.7
184 3339 3307.3 1.2E+08 7.4 42 2.9E+07 28E+05  99.7
208 3399 3241.7 1.1E+08 7.3 3.1 3.1E+07 3.1E+05  99.8
232 3799 3458.3 1.3E+08 9.0 34 2.8E+07 2.8E+05  99.5
256 6288 3576.8 2.1E+08 13.1 0 3.0E+07 2.7E+05  94.9
280 6369 3518.4 1.9E+08 13.0 0 3.3E+07 2.7E+05  90.1
304 4283 3077.0 1.5E+08 10.2 0.5 2.9E+07 2.9E+05  99.8
328 3850 2704.4 1.3E+08 9.9 0 2.9E+07 2.7E+05  98.0
352 2409 2559.9 8.3E+07 8.6 0.3 29E+07 2.9E+05  99.6
376 950 1894.7 3.5E+07 5.0 1.9 27E+07  2.7E+05  99.9
400 233 821.9 8.1E+06 6.9 0 29E+07 12E+05  64.1
412 116 10.2 — 0.4 0 — 24E+04  —
BT — 56 613.4 — 162.4 44.6 — — —

AR AR Ty Z8 ST VS 0 P - TR 5 AT BR TR RS (L8] 5 77 ), 38 il B AR T30 M R0, A — o = ] 41
B ANy 248.4 Hz, — B iR BAA%H 590.2 Hzo T W EA RN m, B SRS
TESHAR G CANEL 6 Frs ), AF T B A s iR, IR AR SO Y T —Fh AR 45 He il ) A2 i e it
WIES

P 5 AR L5 SR A P - R SR P 6 A LRSI AY f) — By 3 ) 1 7Y
Fig.5 Acoustic-structural coupling model for the Fig.6 First-order vertical vibration mode of the
proportional scaling scheme proportional scaling model

222 BRI 4R

ARG A B I AR T A IR S, W B MR L, i 2 AR SRR T R
THEXT L, K, SE . R4 R ECH 12 100, 12 100 A1 1 2 200, IR B3 ) 45 30 [ A 400 %
THAAE S8 131.0 Hz 1 300.7 Hz, BRI A 1. 2 18 B4 RO ki fE A T 8B i, 24
PR B N 3272 mm, T 372 mm, 5 235 mm,
ZEMYE AN 112.8 kg, QIE 7 R,

2 AT 28 000 P S e 3 RS o e S PR
AEREE SR, A AR 00 38 Ao R R 3%, AR R 5T
AR W T, 2 S50 3k 5 "
AR 5 PR, BB Z LA 1.6 X108, .. ®

ikt L2 3.5 10°, BUBHR LA 46.8. B P 7 AR
R WA 7 B 22 B R Ak, Hofth 3 B 3 A 2 Fig.7 Design scheme for the non-proportional

BOTEER. DIt R TOLR BT A% 6 . scaling model
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x5 EERBITERITSH (HHIR)
Tab.5 Main parameters of the non-proportional scaling model model (Full-load condition)

IEDAS: e P iR Bk SR
VA2 Ton TER DINE=N s
WA /M B R | R A/ mm® Z5R R ke BRI kg

-32 350 268.4 2.2E+06 2.0 0.0 1.6E+08 1.3E+05 28.7
-8 1850 2609.2 1.2E+07 6.4 1.0 1.6E+08 3.5E+05 47.1
16 2516 2802 1.5E+07 5.8 22 1.7E+08  3.5E+05 45.0
40 3019 2802 1.8E+07 6.0 2.0 1.7E+08  3.5E+05 45.2
64 3138 3024.3 1.9E+07 4.7 3.9 1.7E+08 3.5E405 458
88 4648 3565.1 2.8E+07 6.8 3.4 1.6E+08 3.5E+05 46.3
112 4799 4891.1 2.9E+07 6.9 7.1 1.6E+08 3.5E+05 46.2
136 3551 4778.7 2.1E+07 6.2 7.4 1.7E+08  3.5E+05 45.8
160 4723 3702 2.9E+07 5.6 5.0 1.6E+08 3.5E+05 46.6
184 3339 3307.3 2.0E+07 6.2 32 1.7E+08  3.5E405  45.9
208 3399 3241.7 2.1E+07 6.1 3.2 1.6E+08 3.5E+05 46.8
232 3799 34583 2.4E+07 5.0 4.9 1.6E+08  3.5E405  46.5
256 6288 3576.8 3.9E+07 9.2 1.0 1.6E+08 3.5E+05 46.7
280 6369 3518.4 4.2E+07 9.9 0.2 1.5E+08 3.5E+05 47.8
304 4283 3077 2.8E+07 7.2 1.6 1.5E+08 3.5E+05 48.2
328 3850 2704.4 2.6E+07 7.2 0.5 1.5E+08 3.5E+05 49.0
352 2409 2559.9 1.5E+07 45 2.8 1.6E+08 3.5E405  46.3
376 950 1894.7 5.4E+06 4.5 0.9 1.8E+08  3.5E+05 44.6
400 233 821.9 1.5E+06 2.7 0.0 1.6E+08  3.1E+05 44.0
412 116 10.2 — —

JoN iy — 56 613.4 — 112.8 50.5 — — —

R 6 BHILAMBH T RAHIMMERE

Tab.6 Added mass under no-load and full-load conditions

liEbASS TR T ke WHET Bl/ke [IEA= FET kg WHET B/ke

FRO 0.0 0.0 FR11 5.1 4.9
FR1 0.0 1.0 FR12 0.2 1.0
FR2 2.9 22 FR13 0.7 0.2
FR3 2.4 2.0 FR14 2.8 1.6
FR4 4.9 3.9 FR15 1.1 0.5
FR5 3.1 3.4 FR16 32 2.8
FR6 43 7.1 FR17 0.7 0.9
FR7 5.3 7.4 FR18 0.0 0.0
FR8 42 5.0 FR19 0.2 0.1
FR9 3.7 3.2 ps¥iin:ie 47.7 50.6
FR10 3.1 32

3 KA RIS SR

3.1 EHREMEEETIL TR
KRB S SR SR R ] E IR AR IS AT e, il o b AL A 50 0 /N 3 Y
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T, 5352 A HR K gt H I T AR IO B 1 25 A s ) AR S AR

(1) A A

% 0 o 55 B w87 0 A5 43 900 A B 7R RS R A9 FRO. FR2. FR4, FR6. FR8., FR10, FR12, FR14 Fi
FR16 LAk, 224 X0k AG & 2 A, Bl s A0 T80, Feit 19 AN, W& 07 my 22 T2 ), anfEl 8 s
(7 B P I S, AR ) .

P 8 5 AT B T A

Fig.8 Schematic diagram of measurement point layout

(2)356 T.4%
RIS 23 AT 28RN TG R 28 W R 00, b R 28 T 00 20 SR 25 = b K s b A A 25 R A 25 )
Ko RIIEA PORHREE T o0 (g 7), Horp A R3Oz K A 40 mm, X 7 SEAR 2 ACIR S

F 7 EELKE TR
Tab.7 Modal test conditions

T 1 2 3 4
FE A B TR ToE 2 A 2 A 2
TARES TR A TR MRS

(3) I FAAF

RIS AL SRR B 4 R4 PR A, P A 0T 1 2 RSy U, Al 9 s o il
i F AR IR S IR B Y P AR T, PTRIR GE LR /N T 1 Hz, i iR T 8 i) —
RS AR, AL R 2R

K9 TR ARG IR A
Fig.9 Photos of dry and wet modal tests
3.2 BARENXEARBMIN R
RALHREE SRS AT A RTINS SR AR 8 7, X0y (14~ A5E 25 R AR 25 0 T 1 o 25 i A2
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Al anE 10 A 11 B, B 25 SR BR LIS Ll RE i 45 ) S A0 25 il 16 sh 1A AR . DR, RARUHIR
s R S B A SR 2R 1.7 Hz, — B 25 thi sh B A 55 %454 3.9 Hz.

* 8 ERREEBETSINIG SR
Tab.8 Modal test results of the cruise ship model

T JEZR L THEME — W Es AR A Rz WS R S A A 2/ He

1 y TR 126.0 283.8

TE# N
2 MRS 86.5 196.0
3 . TEES 114.8 267.4

H N
4 MRS 79.3 184.5

.

K10 RIS kA (126.0 Hz A1 283.8 Hz )
Fig.10 Bending modes of the dry modal test

B 11 AR 2 R (86.5 Hz Al 196.0 Hz )
Fig.11 Bending modes of the wet modal test
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Tab.9 Calculation results and test results of dry modes
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Fig.12 Calculation results of dry modes
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Fig.13 Test results of torsion modes
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