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A Research on the Technique for the Vibration Analysis of
Fuid-filled, Strength Member Embedded and
Semi-infinite Cylindrical Shell

Ham, [1-Bae* Bae, Soo-Ryong* Jeong, Weui-Bong**

ABSTRACT

Abstract :© A technique to analyze the vibrations of internally fluid-filled, semi-infinite cylindrical shell
which has strength members embedded in the shell wall under the axial static tension condition is present-
ed by using the characteristic wave propagation theory based on the transfer matrix calculated from the
finite element matrices of a short module section, with spatial Laplace Tranform technique, and is verified
by comparison with the measured results of the test performed on a real module model, and the effects of
the embedded strength members on the vibrational response is calculated and discussed.

Key Words: Semi-infinite Cylindrical Shell Vibration (¥5-3 954 31%), Transfer Matrix (g %),
Fluid Filled Shell Vibration (%3 3 4 %),
Finite Element Vibration Analysis (f3.84 2% #]4)
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Fig, 1 Fluid filled and strength member embedded
cylindrical shell section.
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Fig. 2 Finite elements of cylindrical shell section.
((1):outer shell, (2):embedded strength member,
(3):inner shell, (4),(5):internal fluid, (6):core)

A4S WAAZ e B3 AE R, E 7IELE 9
A0 gRrde Zeldlo 47 4 /49 ddE Ze &
AH 22(6)2 (1)F (3)ez BAHATH 24 (2)9
Al AEAE AR B 2 dY 2EY 848 F
Ao W4 AR Rs o AFA) SHEZ m W7t
de AR JHsdT. WH FA/Ale 4 A4 FUA
A 8428 HAREeZ 2 AE AEREeH 82
(4).(5)2 EA €T} 84 (6)& Zo2A WA »h3
M2 244 A 2EJ 22 RFIAT



PR L 2R A14E A28 (19979 129)

22UE U AE M [EQA

A5Ad ZuAH 848 AHEToEA Ao T4 ¥
4 Wde] w2 Uy o ¥4 '3 = 20}%" (Pois-
son) 7S ne# Utk HHAE (1, 6, 2)9 9F
ARAE ALEsta 7 wake] Wig *31‘%3 (w, v, W&
AAE 3 E AEEL dRA [ 4 WES B
< HAE B ARG FUiAA 249 ’—‘1%
LR Fed g4 st o|de] WYy aF
AR 474 4 ()" (2)2 FAEY, Fed F
e Z4ze] nab BeE9 FE8h YA 4 (3)
i EA g

Al oh—:

_‘)' r-lm ok
lO X o o2t

w

N N N
u=Yy u,cosnf, v=yv,sinnb,w=3y w,cosnd (1)

n=0 n=0 n=0

f= Zf cosnb, f, = Zf(,,,smnef Zf cosnb (2)

n=0
D(n)go’ D(n)é? X(n)g) F(n)y
Do) DY | x| ookl + T |

2 (3) oA AR (1) 2 ¥ A& usin Wy
X(n) €3 F(n) €& 44 n 3} 28=9 {3a4 A
B9 RS AY 83 HEES v, 83 D(n)
2= 248% Kn) & 4% 2 M) &2 #4=HE
AH#PE D(n)=K(n)- «’M(n)<& 9nl3e}. ol H=}

e UE A3 JE3A] ¥ AF AR B¥d &

-ouEtz ol FAl i v WY A% FEde 4H 3
To FHE & gug YF Ao Afde 4
«) B FAEEH, old ol HA o" £ AN 4 P

0

= do dlo ~~ okt aln

fe A3 AR B9E 92 doisa ok 3 T
A% 43 43 e B Aeuel BAE B2
1. 83 MAT o B4 JEA ex 7}

& 2%eg Y] AR Aol f(n), & k A
Msu A& 3ol ZAAE 0 A RIS B35S
IEI9E S 4% R & e ok @
£ 4 a4 IR E $39E 558 drien.

[ D D(,,)g)J[ X(n) } [F(n){fﬁ,, + 2 Fm? ] .

ok

J_. rlr

Din)iy D) \X(m)* ) | Fm)® +F(m)})

iext

129

2.3 oA 78 240 ZHAN AEH 209 A

Fig. 2 dA 82 (2)= WAAE EAlsted. WAA
222% 2 4R AoE 848 AHAAT k WA W
AAe A% QA (2) sk ok A& k" § AHEEtd
4 (5)% o] BARG. 4 ()94 F,"% L k
A WA d3ke] FFo oato] o F Ao R A 8
29 47 A 45 ZFAY JF 3 270
o}

Dl(cZ)XI(cZ) — __Fk(S) — F;((Z) (5)

k WA WAt 42z ad 93 4 244
249 WS 4 2R 244 27 AR E BEEL
ka;q_ kag] A7E 2= 434 dE 42 FA 7}
530, Eol4 3 (Poisson’s Summation) B4& ©)
439, n 2 Z9=d AgEe 4 (6)3F ()2 et

(1)

) _ k —jnby

f(n); 27K, —e (6)
(3) _ Ec —jn6y

Jn)y 2R, ——e N

ofdf, n & E9Eo glojA k A R | 915
49 HE AN e WA Bt W dF 4 24
9 W7t Zolo} stnz Azte) FYAA 249 43
A B3P ©,(n)E A&t 4 (8)9 2o 4
delojopgint,

X(n)? = 0,(mX(n)" =0, (mXn)Y
=0, (m)X(n)? (®)
A (5), (6), (7), (8) & o] &3t} RE Bd¥ 7H
o YAANED, ZuAA A SASS AR 4 (9) &
28 F U

D(1) oy X(M) gy = F(M) oy + F(M) 4, 9

A (9)9 38 D(n)shen‘_
#E X(n), & 4 QN2
Ho] 2 fo o] R
& FA3

(10)e.2 A= D, ¥
EA €Y Fln),, & 28 W
Ao 7MA e Sast 32



o) - wjeE - B8

D) Dy 0

D)y =| DYDY + DY + 3. DER O(n), e DL

k= 1

0 D-(:) Df.3)
10)
X(n)
X(n) gy =| X(m)® amn
X(n)Y

2.4 4% %Y O(n),

WA k S ARSE U 209 249 97 W
n A 29ee 43 89 9E Xn) P2 k WA A
Ael Wl X(n),? & 247} oblg o] AR, 0|23
8 4 (12)% 2ol 99 42 6(n), & FI¥ % AT

T
X! = {{un), Vo, W Y o, Voo, Won -+
X0 = {00 cos(n,). Ve, it ) Wi, cosn

fcosn, 0 0 0 0 0
0 sinnf 0 0 0 0
0

0 0 cosnf 0 O
0 0 0

el o 0 0 0 sy 0
0

0

0

w0

cosnf, 0 0 - 0
0

0

0

0 0 0 0 cosnb, -

25 UF xR FeERs
22 WF FARAE 373
= ¥

o9 (13) 49 dE8&x B34

FatA wjdz 138 3¢
& gtEstof ol gt
V2p+(0)2/d§)p=0 a3)
2 (13)9A4 pe #A9 SHolX a; & FHY S50
o ojn), Y& A3te) AA 2L 4 (14)2 FolAz
FZojsje] A 21L& 4 (15)8 FolAh v UZ 4
Hel AAA Y FA FA r W £ QEolH, v,

130

£ Folge] BANNY $7 $A9 r #% 42 4%
Pre

g2 = f4 dxoit}.
% =—jp,0V, (14)
g—re = jp,aV, as)

ZUAA F4 22 PP g8 4 (16)22 A
gui, olre] 44 249 $4 38 (A) e 4 (17)
2 Fojo

[a].{P}, ={r}, (16)
2
.= {5 ], -5l L[, ] Jv
=[K.), -o’[M], a7
ow, [BlE 4 (18) 2 Foi9, V)& 3094 &
A 2ke) Bagsolt,
5
or
d
[Bf]e = %93 {Nf]e 18
2
| % |

4 (16) o) 82 45% o83 n A 95 B4E]
ug 99 B8 33 44 A9 fReL WAAE
Qe 4 (19)2 ¥,

[k, - 0™ M(n), |P(n) - 028, X (1) 4 ~ 0°S,X(n),,,,
=F(n), (19)

4 (1904 S,& 4-44 24 Aol 5= #4-2
o 44 Aot} oSS FHN AP 24 A4 B2
< 39 4 (20), 21)E T @50 Ao 4 (20),
(21)9) A2e 72-$49) B2 AAE N $3¥
o (NJE 7% 84 2 32 A8 2= 4z 4 2
WA ehe BRSO, (N)E o) 249 B4
ol

[s.]. = fpf[Nf]:[Ns]edL (20



gL FA 4148 A125 (19973 129)

= pr[Nf]:[NC]edL 2D

FARA ] st Y5 A
JHAlE 94

2 o9 A4 A
#3e 4 (22), (2322 ¥o,

[5.], = [o [N, ] [N.], 4 22)
F(n);,. = —LSCT P(n) (23)
Py

E‘ r!o
A
o
9}
.L.

dlo
oSk
g
)
=)
o -
o
kS
&,
ok
2
A
S
B
fu

—S! P(n)= F(n)
f

(Koore ~ @M, )X (), + (24)

core

2.7 2& MM(Section) 7et2
(9 A (22)8] =& 1
o gon,

4 3y 74
2lgjel Tl 29 ol

- 1
K1) gpe = oM (n)shell]x(n)shell + ;"‘SST P(n)
f
= F(1) g (25)

o3} 4 (19), (24)2FH, WAE 28 A4 £
gx4 (260 dert.

G(n)X(n) = F(n) (26)
g Kn)yy Sip; 0 My 00
Gm=| 0 Km, 0 {-o| S, M@, S,

0 Sp Ky ¢ 0 M,

X(n) = {X(n)shell’p(n) core}
F(n) {F(n)shell’F(n) core}

3. U ¥E 74 ¥ TS iy

0.

3.1 UHAE mE MMl MY #H

2] (26)% A4 99 92 Afxe 229 94 A
&, 2831 WF AFEY 3 FEoR F#std (27)
7 Zo] BA] btk 4 (27) oA ol HA 17 &
9, 2 = Uy, 2832 '3 & 229 AREE 9n|

g,
G X, + G, X, +G3X, = K
G, X, +G,X, +G X, =F, 27

G X, +6,X, + G X; = F
W AES 90 §18 3%, X, 8 T,
X, = G;21 (G X, +GpX;)

o] 3, o] "dstd F3A 4 (28)°] Hni 4
(28) A A2 HFE T £ 4 (29)¢ 2ol €t

X _ A% 28
-F) \F .
-1 -1 -1
- _[(G” -G,G5, ng)o} li(Gu -G,,6, 6, ) - 1}

) (Gss - Gazcz_zles )1 (Gsx - G3ZG2—21G21) 0
(29)

3.2 Mul&s (Propagation Constant)

(28)9] MAE 2E 440l z & Wgo2 ddxor
F@s] 928 A%, s+1 WA AL 4%deMe 4}
e = s AR AN 4% dedEe (30)9 &
Ag et

().~
F; S+1 F; N

4 (30)94 L& A4e] dololn], & Bas A%y
$2H M9 4547} 35 Qi AP B 22
9t e dusn 249 A%ele stel A4 gt
#AsE 32 AEgn Lo dAsve Adete v
g Elgt Mot Bk S &4



4o - 95 E - %

Agste] A ZHAd

s+1 97 A9 9BTINe] AHEE s WA 4
4ol 9 BF vl ReuE s (31)9 BAS et o
228 4 (32)9 24A EAE FET & Aot

(5)l-s),
) s,

(32)9) 2% L' BHIF M9 A =eHlo) B

AE 7Y, o|27E AR I E (33)3} 2ol T
g Ao

€2Y)

(32)

g, =1n(A,)/L (33)

DRAZAE Fo2M Y4 954 REY
9—} EA %3 (Characteristic Free Wave)

4 (32)2 BAPE WHZ 25 A40] +2 5
2 9440z 2ad 428 3%, 90| 928 e

uh8k o

H y(z) o g A $3Ae A (34) 2 BAR,
dfi(Z) () (34)

A (34) o 38 Q & ALHE T o 22 A/HHE
7AW, 19 258 Zder. ol glol z=04
Fra gy, 712 2%, 499 z AACM S S
T HBAMY spZeha WS o] &3t TedetA A
A gg gdnt (34) A9 e et My

(35)7F €t
sY(s) =y, = QY(s) (3%
g3 Q & JAPHS(Similarity Transform)$ ©]-83

o A3y, WE Y(s)E (36)F Zo] 22 FHEE o] &
dto] BAISHE, 4 (37)# 22 RE%H 4S deth

Y(s)=[¢)q (36)

132

-1

=[5[1]‘[#f](d,-,,g)] ([d’]—l )’o) 3D

2 (36), (37) & FojA& & gGzas Gugsid
J9E y(z) & Fike 4 (38)& deth

»(2)=23(9), exp(u,z)(z(w‘ ) m») (38)
i K

4 (38 (9),& 54 WE 2 ¢ o} ga20lm
(7). & 54 ¥l 929 48P p7'e) 2ol

4. NH Y SR AN A7 nE

A (38)2 Ade 2FE AF] st A7 A
Zojol Hl7} 200 9 95H ZES Fig. 3 & o] &%
o A} &1 Hh‘g,kog 7]-%1-5-}31_ 73 91, 28z A
AAoM 247t 6 m % goll AN A5 &
Wl 713 ““EFS’-E 7}—‘-5741 AAsk] 7H1 A A9

A &7 AR AN AF HE ASst.

A A48 484 979 dF FA9 vt
1/20 9 Z=j2g e 322 AFAHD 9542 g5 9
54 AFq o A4 vt 1/160 & AL
(Kevlar)2 € W4A7} Zo] Watozn A5} ¢
54 A5 E e dxd g 4 Y& 359
Axo vl 1/1.14 A%olt)h A3A = wske) A <)
A8E 71 FHE JIAER e B4 APEL B AT
o ol @ 984l 4A J1A Azdd AgE A%
o d2se A3 27 Yoo A2 e 4500
Newton 2.2 3tgirt. 9549 &% Ed9x B&K 7}
A71E ol &8t Ay 7Masln, % A3 238 B&K

Response
Accelerometer

é\Force Transducer ~ Test Module

Exciter

Accelerometer

Weight for
Tension

Fig. 3 Configuration of Cylindrical Shell Vibration
Experiment



FZAY LA A4 A123 (19973 129)

4375 7M4EAE ol &89 e B&K 3550 g ald
Fug BAVIE ol g8t 7 Adte Fog Ry
Az, XA AZE e goly FTE 48
ol &3te] A4 A7 E vl waAt. Fig. 4% Fig. 5
=47t 6m 9 7m MY AFA} AN AHE v
# Zot},
Fig. 4 2 Fig. 5 oM FAHoz BAE A& 494
sl AZE Adjolm AMoz FAE AL AN 2
Zolt}, Fig. 4 ¥ Fig. 5 A & e vts} 2ol %
F 100 Hz ©j3t) ¥ Ag¢ Fd e 329 A
W7 37E] & dAstn e Aoz AFE 4 e
2 oge AdALR & AFF FHANE 23
L EAEa A5 ¢ & A Fig. 5 o4 338 2%
# 60 Hz #2329 54 48L& A713 g 93 Ao
2 Bggn, £3] 50 Hz olste] AEF F9dA = o
33 g A4 AFGE Hole AoE AyZHEY. 100
HZ ol’de Hind ¥& NFF FHdA A} Tt
2849 Aol HlmA FHF HEE A Fs o]
5 7Y Alzwe] SARSEo] LA o
o2 Aot & 4379 Y AFFe A
& %5 gelo) lem ogue A
“] g4 7t5e Aoz Budn.
Fig. 6 € 6 m $1X9A 9 A% &S WAAZ} e
A5l didte] A Aot WA 40747 AHEE 7
-9} Hlw @ Atoln Fig. 7€ 7 m AR A e A 2
s}Eolth Fig. 6 3 Fig. 7oA AN WAIA7L AL S
Agold, A WAAZ AMSEHA F& A folth
Pig. 6 # Fig. 7 ol AFES i, A 2 A g4t
<) ¥ 289 A4, 40 Hz |49 AE4 794 IH’Q
R AHE] }'1-‘—}7} e gstA vep o oldte] RES
QoA AR ALe9 At 32 22E ¢ F 3

(UIO e

n

o

RNV STy

p e o
*E

oL rlo

oX.

28
= T

- 0
g
< 0k caleul,
g ) measur.
=S
g 404
T e0l
7}
£
8 -804
s 1 0 Tl
Q -100+
2
o -120 + + +
50 100 150 200
Frequency (Hz)

Fig. 4 Measured and calculated results at the 6 m aparted
position from the excitation,

133

o

——— calculated

20% ..
el e measured

40+
6ot

-804

Displacement Ratio (dB)

50 100 150 200
Frequency (Hz)

Fig. 5 Measured and calculated results at the 7 m aparted
position from the excitation.

o ol WA fle Bfde BHLE HEAe 2
71 AZHE 454 ATt BF ABeeior a4 ol
w2t 9549 Ry Aol Frte w2 AFF HS
9 AFEo] Ago]| Ae e B A2 Bt |
AAZE AHEEE 35 dFEe Q3HE WAL 27
ez 454 Aee 34 ?l’é}a o] ¥H L2 o3HA
Ao Hol 9E4E T8 AF AL Faste 8%
o] &g},

g8 °F
T \ — cal.6m.i40
o T -+ ¢al.6m.i00
2

40+
4
£
5 T
£
8 -804
i
Q -1001
@
o -120 + ¥ }

-] 50 100 150 200

Frequency (Hz)

Fig. 6 Comparison of the responses at 6m position between
the cases with 40 strength members and without any
strength members.

0 by

—cal.7m.i40

PR ] e cal.7m.i00

404
<ol e,
~80

-1004

Displacement Ratio (dB)

-120

0 50 100 150
Frequency (Hz)

200

Fig. 7 Comparison of the responses at 7m position between
the cases with 40 strength members and without any
strength members.



v

WEE - RO

Fig. 8 & 7 m #AAd AF &S WA} 40
A7t A3 BA 3ol Z4zt 1000, 2000 3 4500 N
A A5 diste] Adste] vlag Ao, 442
4500 N, 32 2000 N 28z dAH& 1000 N 9 2
Fojc}. Fig. 8 o 2752 ¥ B4 A3 A7)
et ool d¥E E1 glon, ABFo| E4F AT
Aggo] F71ste 3%€ Ed€ ¢ 7 Ao ole ¥%

go] 245 FH FAo] SrketedA ZdEe e
E4 g
2 o
3
0 204 . Tension 4500 N
T LB --- Tension 2000 N
E ------------ Tension 1000 N
c 604
]
£ -eof
3
8 -1oo-r .
_% -1204 .
o -140 + $ —
o 50 100

150
Frequency (Mz)

Fig. 8 The responses under different static tension forces at
7m position, (1000, 2000 and 4500 N each)

5.2 B

A AP E B WAE 173 (Semi-infinite) ¥
A9 AF AEEA Y 7Y LS BEHor WY
Eg AR fes 2dE TEDL o|2FE HEPE

< PASAe, gxgs HE Y %‘Zl gl A
%’M dele) AR AM e F7E AdEE
st

ANE 718 AFE BHo2 FA AAY o] 4%
4 759 7k 48 9 3o AN 3 49
g vwd 23, F28 71 B AFF 7Y
R 84S ZE A 0E B

A48 2 o|24 A4 oz ASE €84 &Y
A% o 50 Hz oj3te] g5 7o g2 54 4
¥ Ago] 2= Qo o o]} WEs Mol &

A RR Zo] wdto 2 o] Mgeko] s 2o} uf$
FFS AE AD 54 Fe Aoz wvdn, nay
o] Alz”ldl s AF JE¥E0| 50 Hz o3¢} via

A & HREZ FAANRE sk Ao] A 27l9 AT

€ 27 o7) siete uiEAE oz y4He, o

T 579

e
g

134

AT 79L& Al2gle Add wat AstgRez o3
o,

EF YAAE AR g 459 Ad 23 Y
A AHEE o A 2548 ving 25, AR A
o o Ade FH JFHol de A4 9 AYE
71 = U A22 Ho|vj, JgF FHo wz} U4
A A 98 1AL 44 RS U £ A T3
L% & Aoz getdn),

r&l

n>'4_

&

r-Iu

1. W.T.Thomson, ‘Transmission of pressure
waves in liquid filled tubes.”, Proceeding of
the First U.S. National Congress on Applied
Mechanics, Chicago, pp. 922~933, 1953.

2. T.C.Lin and G.W.Morgan,

tion through fluid contained in a cylindrical,

“Wave propaga-

elastic shell.”. Journal of the Acoustical
Society of America, Vol. 28, pp. 1165~
1176, 1956.

3. R.Kumar, ‘Dispersion of axially symmetric
waves in empty and fluid-filled cylindrical
shells.”, Acustica Vol. 27, pp. 317~329, 1972.

4. C.R.Fuller and F.J.Fahy,
wave propagation and energy distributions
in cylindrical elasdtic shells filled with
fluid", Journal of Sound and Vibration, Vol.
81, pp. 501-518, 1982.

“Characteristics of

5. C.R.Fuller, “The input mobility of an infi-
nite circular cylindrical elastic shell filed
with fluid.”, Journal of Sound and Vibra-

tion, Vol. 873), pp. 409-427, 1983.

6. ‘R I=F, F3P14, pp336~343, 191

7. T.T.Yeh and S.S.Chen, “Dynamics of a
cylindrical shell system coupled by viscous
fluid.”, Journal of the Acoustical Society of
America, Vol. 62 No. 2, pp. 262~270, 1977.

8. Arthur Leissa, “Vibration of shells.”,
Acoustic Society of America., 1993.

9. R.G.White and J.G.Walker, “Noise and
Vibration”, John Wiley & Sons, Chap. 16,
1982.



