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Vibration Analysis of Waterloaded Cylindrical Aarray Structures
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ABSTRACT

This paper summarized a solution procedure for a large cylindrical structure mounted underneath a ship as a sonar.
Vibration analysis of the water loaded structure is required to enhance the structural reliability as well as acoustic performance
of the sonar. It is, however, often very difficult to solve such structures since they have many DOFs, considering the frequency
of interest and the waterloading. The cyclic symmetric method is firstly reviewed to show how the eigen properties of the full
model can be obtained from the representative segment model. The mode mapping method is then proposed and verified to take
into account the waterloading with the minimum DOF for the analysis. The solution procedure is finally proposed and applied

for a waterloaded cylindrical array structure.

J|5 M
[A] : #7101 Fx=9] 54 34
M] : 2= a
[K]: 23 ag
X} AAma AA wg e
(f): AAwa A 915 74w
[©] : AAwa A0 26 we 32
{a} : AL AN =a g7 9y
o 9% I %=
@, @ TEE A AEE

mbym &9 334

[
{XMM} : mode mapping ZAAHAl W #WH
{fMM} . mode mapping AAFA] £)F- 717 =HE
[@MM] : mode mapping AlAHA] If BE= @ H
{qMM} : mode mapping AlAHA] 2E FHF WE
1. M &
Aure ol AU B fla Aol
T Fadsta 7ATeE 2508084
* Fabdistal 7)AE ek BK21 AR
o Fabojskal 7] A & e
s o HFIFSEA G 4

£ b
o
2 Ll
o 2 >
op
=
ne

12

jus)
==

£ =
do oft

o mlo

==

ol ©@ ofrl wu

DY
2 rff ox ol

z Y
ol
o
N

_

O

oty 4,

Suile

T%el

HU

(

-

JomfE & HIHojo} T
Aogt FEEaol} A
 7hle] s el
s Fze] B Sol
xq g A= AA|
H]—A]./\Oo] Aﬂ/qoﬂ/\ﬂ 7+

oh—“ﬁ

Jo nl ofe L do > pot ¥O & off N

dlo >{,g

HH e AAsr] 98 7=
o] Hgsirt,
2y o5 &y
8l e oH*“’
A E7E VS golX| A = AL
3 A shel] s-AE o] =t A
drads g9 oH** °] =7bs
&+ ATl HeEds ﬂﬂ%o}ﬂ N
i%‘ﬁHOA ﬁ%“%ﬂé o] &3St Alatke
Al A At n
HEH TR RE ?SH“
ﬂ]oii 2agd A <
shal ol = Xdo?
A HeE sids S

E



o R Ags s A, 7REe] af EEe
AEF Wd FEREo|RR ol FU|UAHES o
F= FRE0]7] Wil cyclic symmetric method &
il TRES WEY e 274 EdE A
Zde] af Ege af RES el o
Z7h Bdle] Regs HdA FEY] RER FA%
T Moy FEREe] mesh ol mapping dhe] A4
as 18+ dve EE9E W (mode
mapping)< Al 3t

refg {2 7 fAe A4 EA4e] A
FE ALde 28-S AREs] flste] Fo1 AA
TZ2E] AT mesh ThS R sto] ghollA] -8t

|

cyclic symmetric 718 -%

A PrEe =

ol

1

oy X >

B s

0y e A48 96

A A gt

Fig. 1 Cyclic symmetric layout

n7hel F7IthA el 19 Fig. 12 xdE
34 [M], KIS ) #

=4
FoHdde wdd 4

AT
i PO P1 P2 Pn—2 Pn—l_
Pn—l Po P1 Pn—s Pn—2
P, P, P P, P
(=) T T T
Pz Ps P4 Po Pl
L P1 Pz Ps Pn—l Po N

ol P PEL mxm PFd A7]E 7Hx) whet
A FHLE (nxXmyx(nxm)e] FH A7 71
Hoh [A] BEe] Ao Gy ALke] |
8l A 3)F ol&ste] [B] ¥HS A (2) ¥
o] A gttt

1055

V\é) V\{O \Nz0 v V\ﬁz ng
V\()l V\{l V\él ’ V\ﬁ-z Wnl—l
Bl= : = i i ] (2
\N)n_z V\{n—Z V\én—z M;Z Wri—zl
_V\éml V\{ml V\éml W;l Wn:l_
W J=e"" [1,] (3)

A7 AR W'E Qes Taee @
dol [I.]& mxm 2719 el ol

[Ala=e [B].[D] a2 o188 q@= 2
o 21,

[Al8]=[B]P]

2)(4)¢] [5]% 2lG)= xEs AolH [5] =
TS Q= A(6) 2k

Qo

pl-| (5
Qu
(@]~ r Jo] ©

q@elnel 54 ad [A] 4de 4@ 2
o,

G e T=Telt 1rsTeTi[=s
[A]*=[6]o 81" =~ [8Io]'[6"]
[Ale] R AR 98 2(8) T F

[Aliu}=2{u)

4@ {ufE 4 @
gt

(7

(8)
Qe 4 (10l T+

(9)
(10)

A@Eels @ [Dl e Awodl muste A
(11)& wrETh



o Yo Yo
or=AL (11)

Qn—l yn—l yn—l

[QRy} =2y} (12)

(=)
rlr
fru
-
oX,
i
2
%2,
o

o 41294 |
of We Z}zhel gAE AL 5 gleh A4 n
Mo IRAE Aoz T 5 gon ot

Ci=h

webd F/WAY 72
3 [A] o AR nHA s
g3te] [Q] m#A #HAE n W
AA mfA HAT g Avs

[o

Fig. 2 9|
F 3}

x7h R Fig. 39 HA REE o

Fig. 2 Representative segment model

Fig. 3 Full model
#3229 e Fako] Fig. 2 o 27 mElg of
&l AAEDS] A{FRES 8} ol

&3to] Fig. 3 ¢ A mee] a1
Fig. 5 ©l 1 2 ®»=2 yelict Fig. 4 ¢ 2
cyclic symmetric method £ o]&3ld =7 &

Fig. 4 The first mode of the representative segment
and the corresponding cyclic symmetric segment

Fig. 5 The first model calculated using full FE model

3. Mode Mapping
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obtained using mode mapping method
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—— Without waterloading
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Fig. 10 Comparison of the displacement at with and
without waterloading

of

el oft Y, -

Fig. 10 ¢] ‘Without waterloading’= & 7]
Arads 1yshA] & 7x=9
a1, ‘With water Loading’S A48 3 &
afAoltt, Haast= g
7V 7= FERE a5 %
7L i_ﬂ'-?_]_ﬁl— 2~ 0]

RO
47, ) ot o, 1\

<l
= o
T A= = %S .

e

I & o 9

-/

2o =

= T’:é"]
A A

2 7

O

EN i ofo el oE
oft

Lo

i

32 1 o O & oL o

g a1 et Al
mesh © mode mapping A]
7} mesh & Haa37p e
AT mesh ojt) A =
A T H9Z mesh o st
o] X = mode mapping =}l A
| ¥t} Mode mapping A 3 2]7Z} mesh 7t Ho
B /A SHHS e
T/ 3k= node T oll A A EE oo} Tt

Cyclic symmetric method 2} mode mapping =
AHrege 78" 2849

B—E 1w
3 Headrt i FRF &

vl- -
=

LHO.:L
o &

AT
7_}—

o

o
o

ﬂda
lo &

U

9]
T

’
e
S

[o 1% e ot
Y



(1) Singiresu S. Rao., 1995, "Mechanical Vibrations",
Third edition, Addison-wesley.

(2) Lee, J. —-M., 1996, “Theory and Application of
Modal Analysis”, pp.1-24~1-30.

(3) MSC software, 2001, "MSC. Nastran 2001 Quick
Reference Guide”, MSC software , pp. 754~755, pp. 758

(4) Yoo, H. -Y.,, Kwak, H. -S., Oh, D. —-H., 1996,
“FORTRAN 77", DaeYungSa.

(5) Maurice Petyt, 1990, “Introduction to Finite Element
Vibration Analysis”, Cambridge University.

(6) £=kz, KfE, 1990, &7k &k, K5 aE

1059





