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Abstract

The Rayleigh-Ritz method is used to investigate the natural frequencies and mode shapes of the ring

stiffened cylindrical shells with a rectangular cutout.

The cutout is located on the center of the shell. The

Love's thin shell theory combined with the discrete stiffener theory is adopted to formulate the analytical

model of the shell.

The effect of stiffener eccentricity, number, and position on vibration characteristics of

the shell is examined. Also the effect of cutout size is examined. By comparison with previously published
analytical and new FEM results, it is shown that natural frequencies and mode shapes can be determined with

adequate accuracy.
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Coordinate system of ring stiffened cylindrical shell with a rectangular cutout.

2329 ATE W@
b

fop

AL
2. 4

B AT nEd AGATRE Zm Yoz
B27E 484 g E4E Fig 1 o A
th o7 R L 3 b E 47 Ao w7, Zo] &
FAolth, €542 N9 oz wAEHAeH
AMZtgRg Zteth AR 9dS zZhe 3 dd
A-AdM Z+Z} (a), (b), ©°fl i3l &% B, W
B 29 B3E 9ds Bo Fo, pHA B
A xol fAs, 23A 3 Fol& b9
4.2 JEtith. &8 9 dojeld 7o)
a, 9FHF M7 els M+ ¢,9 A7E 2
o0, 6% ¢, 6,9 AEE FNE ADATRE
Aol Fodol A%

g 9454 m$ g "FE #Hd &
AeEr 7Hgsl BAERA e g A g
FAUAE 23 go| & 5 Qo)

B
il

_1 27 oL 2 2 1"V 2
U, _Ejo jo [A{ex +2VE £, +E, +~—5—.s,“p

1-v ,

M
+ D{xf +2VK K, + K, + — K }]dedgb

3
A= Eh D= Eh
1-v? 1-v?

(g
o

Love o] Aoj&o2RE Z Wik dig Ay
&% TE xE(i=x, ¢, xp)E ThF Zo] BEW

ot
£



2042 29
8: u’x
164 1= (v,¢+w)R (2a)
kem u,¢/R+v,x
Kx w’xx
Ky == (W0 =, )/ R? (2b)
.x"v (ZW, xP Vi )/R
A7NN we FWY v E AFRE wi FAY
Fol gt AP ARolv, )& Bl WY v
£ Yepde,

k-AA BAAC] g A, v, wost 4 ¥
(u, v, w)}2] BAE thgF o] Hodr)

z
Uy =U—27W,, vk=v+-E(v—w,¢) w,=w (3)

B9 Yol T WHAUAE o] BFol g
JAA g 2ol & F ek

U—ii jedV+GJj ﬁ""d(p o)
r_2k [ Sal i 4 k‘

= Wiy

£y =R—+z(v“¢+wk) B.

A71M g k-HA He] 470 MFE, BT
v&o] A I3, 4= wAAe wELRols,
N2 E%‘ZH-’FOM

NTEE A9 AsE wEnzy 713, A
ARl g BPJuA e A5l o] AT
Fo| HgEE 299 YA AFRA AT o
WA HE2 Ao duAAE olgse & 4
Rew, £ Ho] AFF dF Wl TFHE A

S B duAd dg FPAE o] &3t HATH
o tig AP E dSF 2o & + ATt
U, =%J’:¢ J:[A{sf +2VEE, +E) +1——2—V—£f¢}

+D{x +2vk K, + K, +1—2—x deRdgb

#2306, [Lea ke 2o
“|

s B
A7 kA Fol AZATE Wl e

®

+G.J,

% R+2z

9, &

% .

o]

R

L4

T 103, 238X %2od 0°] A}
BAEA &2 9484 9 o dFd 54

W

e g3t gol AeA,
T, == ph[" [l +7 + 7 |axRdg
oo Jo

N,
=%§pkjvk [“:“'V:*‘WZ]‘{VI:

©)

0

4714 (- ye Aol B@ BlE, pE x|

g AZRERe] d@ £EduAE WH
99} Zo] A3 P9 A5 o3 AWE Wi
geg ges go] AU

T =% onfl [ 2 + 92 + 2 Jaxrdo o

N

#2800, [} i+ + 2 R+ 2)agan,
k=1

T mEE AATRE Ze S 4
A g FAUAHNL o5 Zo] BHE F
ATt

U,=U+U,-U, T=T+T-T,

ok

nHE Ao AARAE dT @
e

o2 thed 2L S5

o)

A

o

.y

v=w=M_=N,=0 atx=0,L
AFdME dFHFges Y JFI4T
Astsiy] WEol Yo AAZAL VI
& e Tol AAREE olgse] AR
At}

_121'4 b

O

sl
g

&

P g
=Y v, cosZ% cosng cos®,, t
m=1 n=1 L

P 4

x¢t =22 sm—s1nn¢cosa) t
m=1n

x,¢ t

an

P 4q

w(x¢t) ZZW sm—cosn¢cosw t

m=1 n=1

ANA U, V3 W, & 4 BFoe AEL

SERAS, m, B 2 W AFWF RIS, p, g
= uT"’J 283 @, < 4 AFESma)olAe
ZAESTE A3

AAZAE DI AP 09

= Tt

3t =g AR H @l NGt HES

=
=

AAHE o)
# st



ARATEE e YuF A5 AFAY

Table 1 Frequency comparison of the 5-externally
eccentric, evenly spaced ring stiffened

cylindrical shell (b=6.35mm, d=b).

Natural Frequencies(Hz) (m=1)
Mode(n) Theory ANSYS Exp.™
1 1751 1759 _
2 839 828 809
3 1070 1055 1065
4 1872 1869 1867
5 2894 2890 2882
6 4044 4076 4073
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Fig.2 Effect of stiffener eccentricity on
frequencies of the 5-evenly spaced ring
stiffened cylindrical shells.
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frequencies of the cylindrical shell with 8-
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Table 2 Frequency comparison of the cylindrical shell without/with a cutout(Z=2R).

Natural Freguencies(Hz) (m=1)
No (;utout With Cutopt(U3x90°)

Present FEM Mahabaliraja Present FEM - Mahabaliraja
314.2(5) 310.2(5) 307.0(5) 139.7(4) 135.0(4) 144.8
343.2(6) 337.5(6) 334.5(6) 295.9(5) 286.4(5) 3014
368.2(4) 366.7(4) 362.1(4) 334.2(6) 326.8(6) 333.1
422.8(7) 414.5(7) 412.8(7) 403.8(7) 393.6(7) 402.5

Table 3 Frequency comparison of the 1l-externally
eccentric, evenly spaced ring stiffened
cylindrical shell without/with a cutout

(b=d=h).
Natural Frequencies(Hz) (m=1)

No cutout With catout(0.3Lx 90°)
Theory ANSYS Theory ANSYS
335.7(5) 331.1(5) 162.3(4*)  155.9(4%)
366.8(4) 361.9(4) 332.7(5) 314.5(5)
394.6(6) 393.2(6) 361.3(4) 375.5(6)
505.6(7) 504.1(7) 384.9(6)  394.0(5%)
527.5(3) 521.9(3) 499.7(7) 478.9(7)
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Fig.9 Effect of stiffener arrangement on
frequencies of the 8-externally eccentric ring
stiffened cylindrical shell with a cutout.
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Fig. 10 Effect of cutout sizes on fundamental
frequencies of the cylindrical shells with
the various ring arrangements of the
internally eccentric ring stiffeners.
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Fig. 11 Effect of cutout sizes on fundamental
frequencies of the cylindrical shells with
the various numbers of the internally
eccentric evenly spaced ring stiffener.
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718 Fo M 9% Yeld el Fig.
103 @A Z ATty Z7)e wE Fgo]
A7dolol WE Fgduc A4 FHEstu Qo
AR M7 Hee dis) RFAY Exu|Ee] &
$=15¢ A7t AFEo 93 HF A AsT
Za7r vdeEgen, F3FEE 2 s=1/1.52 A
$E AY L AFF #A4AE ez gloy
S=1/157F 43 8 ABFHAE FEAT. 9
9} 7e 42 mHE"d AMF-del o2Ld s
§=15¢% AfoE BFA Ao g EEH
of ARel s 3 BAAN &48 A ol
7 HE AFFHL dojwod, F31F ¥
S=1/1.5% A%E AF4de] 02L] 93 B wFY
A7y ARy AL AR W AFFRIL
A do] & Aok, MW AFdole ¥l o
3 AFEY 27 wiAASF o 7F F2 ZoME

=159 B4 7HE 2 AEsdart dejua,
AR dARE o 7 027018 ASdE s=
s B47k b3 Fe J5F FL2E Holn
Ak ol e RS s=115¢ BF gL F
o BAA7E Ao T4 AFHA e AT
of dAME A7 &4& 9A Hz, A
& a7t ARLER $=152 HAE BAA7}
E4E A Hol B2 JFF4L7 2AE Ao

o

fig. 125 10709 o] o SA0Z v
g Ao AFgA AFRe Ar7t v 9%
S Yelda itk 3R Sl 954 A5

FELE 120 450 Wit no] 40]3, 2
A 232k AEFSE n=3, 504 Yeidr. 9
A AFzEe] A7) e AFF A TRl
e 92000149 AFFEE ATHE gle A
o] AFFLFH T, MFze] AFeEA 1
A AEFEAA B ¥yt dojyn o 2



AZAATEE Ze WA 4549 A5

A 24 AFFFE ATHY A7) BARL
Azl Hart gler, 32 AFI49 73
T n=59 BN MFZo] AYLER n=4 9
FYos HFHNEE £ & Uk 49 A+A
ol & F¥E 13 ¢ 23 JIFFRAAM 37
of #AgC] FdaA e gloh ol F2 F
e LFUE AR G 1209 AT
Zrol mHA7) P4 vete @Rt 34
WEHELe &9 NTAe FFoxe Zo| AT
dol7t AJOEZM n=5°X 42 AFHo] A
gg€ ¢ 7 o

2 dFdME gdeAA BAZRE ZE PR
Z 45 U3 A Fd HRske AL
71 BRAe nfAssF € AN uAE
4 3& Rayleigh-Ritz & 7|%

ol g43ld EAM3Hct B AT FA4E 53
thed Ze FEE 49
B HALS AFFd %S VA, »F

S FozH JFEFE ANRHoR 59 FE e
U AErE 8 7 e 2AAFY @A A
T Ae €UY BAANE A9 TIFLE Y
g B¥ 54 E3E Aoy 2 A5FE
& T Utk AFRIL EAFoEN AFFE
Aastqon, 53 7E2AFFAA HE E2 R
T A2 dolwth =Y 2 AFEIL EA4%
Ao

39 dake) @ AFUT ATIRES WwHa
A7 ol ojeigen, ATRE BA @t A
AFEAs s dehbe Ag &+ YAk
AT 27 A ATl Wt 1%
Frrael Bgdtch BAA Bold A ATE
o 9% WS Fast 4 A Yojunk

ot gol Fu L ATH EAFLEZA
PANE LHAFSY AHE BAGonH 9%
o 54 s%d 9@ Fx B FIS UL + 3
of F2Ee H3Y B 43 olgY Ao
2 s, 3% 454 P2 ST 5 3l

2049

E oge A9 AT dE A7 AT
Aol WE AFEHATI suslolop @ ol
.

1k

re

IR S

(1) Al-Najafi, A. M. J. and Warburton, G. B., 1970, "
Free Vibration of Ring-Stiffened Cylindrical Shells," J.
of Sound and Vibration, Vol.13, pp.9-25.

(2) Mustafa, B. A. J. and Alj, R., 1987, "Prediction of
Natural Frequency of Vibration of Stiffened
Cylindrical Shells and Orthogonally Stiffened Curved
Panels," J. of Sound and Vibration, Vol.113(2), pp.317
~327.

(3) Yang, B. and Zhou, J.,, 1995, "Analysis of Ring-
Stiffened Cylindrical Shells," J. of Applied Mechanics,
Vol.62, pp.1005~1014.

@) o194, A9 199, "HdolFor R ¥
FAE 454 AFHA, N7 ATGE =&
(A), 20 4,7 &, pp.2223-2233.

6) oldA, A, 1996, "EFAZYEA] nfH
s R #2335l AT ALBFGEH A7
2SN EEE, 6,43, ppdas5T~467.

6) Lee, Y. S. and Kim, Y. W, 1998, "Vibration
Analysis of Rotating Composite Cylindrical Shells
with Orthogonal Stiffeners,” Computers and Structures,
Vol.69(2), pp.271 ~281.

(7) Wang, M., Swaddiwudhipong, S., and Tian, ., 1997,
"Ritz Method for Vibration Analysis of Cylindrical
Shells with Ring Stiffeners," J. of Engineering
Mechanics, Vol. 123, pp.134~142,

(8) Brogan, F, Forsberg, K., and Smith, S., 1969,
"Dynamic Behavior of a Cylinder with a Cutout,"
AIAA Journal, Vol.7, pp.903 ~911.

(9) Mahabaliraja, Boyd, D. E., and Brugh, R. L., 1977,
"Vibrations of Stiffened Cylinders with Cutouts," J. of
Sound and Vibration, Vol.52(1), pp.65~78.

(10)°194, I, 1998, "B ALEE THF
cutout ©) & EFAEAFTH FHFINY
2 HHJEA, #4375 A, 84, 3%,
pp.467~476.

(11)SASI, 1992, "ANSYS Users Manual," Swanson
Analysis System Inc., Houston, Vol. III Element.



