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Dynamic Stability of Cylindrical Shells Subjected to

Follower Forces

Hyun-Soon Kim" and Ji-Hwan Kim"™

ABSTRACT

Dynamic stability of cylindrical shells subjected to follower forces is analyzed in

this paper. Motion of shells is formulated in curvilinear coordinates that 1is

consistent with assumptions made in the Timoshenko beam and the Mindlin plate.

Using the finite element method, the induced equations are reduced to an eguation

with finite degrees of freedom. The 9-node Lagrangian element is used, and

reduced integration is used to avoid shear and membrane locking. The effects of

thickness ratio on the dynamic stability of cylindrical shells are studied.

1. ME Wale) ue ewge) wae FEHo) Aok F
2 Ao} $Erzgs 2Hoz AEHE ¥

2280 YRS 279 HFo] Hew o wg O
st 2= 9= BolHAE F 7tx 287} ok 9 3ol gt v #e| FH AN B

g3

[e]
MEEdel fg3te A F
A ol At B FARA
AL AZA e ¥

A9 o] B 1 g A2 d¥rd g3 2o T. R Ballﬁ‘
1 Galerkin W& 283t wArdel A7t 7H

443 Arle %549 EE‘C Al Zbel] e} 3717}
vats 2sdel 48%E At 54 ¢FAl
st AdEgdtt oq71A °u' A F G B

23 meol A4 Ao T mgAs e 2

o AN o
P Aedsn hEY FEFFERY A drde weln Ao Y. P Paks vina@
o WY MeUstn FTLFE gk RFAA =71E 3+ Euler- Bernoullie R

ol2e] wil RdAs FFasrbeR FH

-396 -



AL FYP3A. 97 JFAFY A9 H
e wet mArge] gt Aol FtE & dde
28¢ 24t K. Higuchi’ ‘s %% 728& 3
A AR S nefeR &2 AAGARFEA
#Hoz RdYPsd FEEe] FEY dgo T3 <
A st A3ttt Rayleigh-Ritz W&
|3t 2 BAE B dASFE ANdEE
ov, F2A 7249} Poisson H|9] JgE 13t

]

—

Bl Wo B T P AF
v o7 AR o8 FHyHIY A dF AT
7 9 Ro® AlgHo] B ApdN d= o
o) 1YY YEIFLY B dFA BE ATFE
F stz gt

do] BEE ATEL AHEW g 2k

G. W. Warburton®& %% to] uAd U458
4o Af AFEAE GFUT} Fligged ol &
€ Rayleigh-Ritz ¥H& A4y A{/IAETE
F3tgch. C. L. Dym®& Sanders?] 13 dol&&
Abg3te] o8 7tA] HAAZEY 958 do n#

AESE Folod, B 2o UEHE vl

el ges wztetA ¥Ege 24 H Chung'

ey do LFIFFE File Iz A
BHE AN, §3 AAzAHA g uf

T W o] AN AFsdeh W,
Soedel®® Euler-Bernoulli B ©] &3 #4}3 713
S AHE3EE Loveol2g #absle Auwdsl 3
HBdes wEe dof SFUALL Adsiud
H.Stolarski’s T4 aaeAe Ay Fy 7484
(membrarie locking)g #<1stx HHeHct o
HGE duwe ool FE3 2 2471 o}
d Afdde &5 29 d¥olstn 3 AU

o
EEN

2oz e
e

A3 HAAA an e U
g3l 12, A% E(reduced integration)S A}&E o

2N AAY 7 A&E BHY

2 AT AE Soedele] A3
Mindlin type & da@®yz 34
ol & AMEsle 3% To] AP YF P49
T AdAAHE MHMFt A Frh FRLAHE o
£t Fadlo GE FHAIGEA HIGE AH
Htot

2. 0|

Timoshenko-
e med

Fig. 1& 2%l =77t 4% 258¢ 2
A5Y 4 wolFT Aok of7]4 R¥ LE 7z
o) WA Polg Uehim kit Lo T
o

R

Figure 1. Cylindrical Shell with Follower Force
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Table 1. Natural Frequencies of Cylindrical Shells with Various Boundary Conditions

(Axial) X (Circumferential) Fliigge | Sanders | Donnell
BCln | m | LRI|RE axa | 6x8 | 8x12 | [Refs] | [ref7) | [ref7]
C-F 2 1 1.14 20 103 0.3143 0.3129 0.3084 0.3082 0.3081 -
F-F 1 1 5.00 20 103 0.3603 0.3590 0.3588 - 0.3585 0.3580
c-C 2 1 10.00 | 20 | 0.3 0.0724 0.0559 0.0580 - 0.05784 | 0.06757
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Figure 2. Frequency Curves of Circular Beamn
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Figure 3. Frequency Curves of Cylindrical Shell
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Table 2. Natural Frequency of Beam and Shell

Bending Mode Number

1 2 3
Circular Beam 3.49 20.88 54.82
Cylindrical Shell 6.06 29.39 7276
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Table 3. Critical Loads vs. Number of Element
(L/R =20, /R = 1/3)

CIRCUMFERENTIAL
4 8 12

Ald 50.8 51.9 520

X 16 50.1 51.1 51.2

I

AlS8 498 50.9 51.1

L 12 497 509 511
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Figure 4. Natural Frequency vs. Thickness Ratio
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Figure 5. Critical Load vs. Thickness Ratio
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