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Analytical modeling of thin-walled cylindrical panel under pressure loading
using infinite double Fourier series
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Abstract

Engineering equipment, such as thin-walled cylindrical panels, are often in contact with surfaces that will cause high contact stresses. Therefore, their
design based on the strength one of the most important engineering needs. In this article, the effect of pressure loading on the outer surface of the thin-
walled cylindrical panel is investigated using an analytical model. The governing equilibrium equations of the cylindrical panel are derived in the Navier
form based on the general strain relations (bending and membrane) and the Flugge shell theory in the stress-strain relationships. These differential
equations will be solved by the infinite double Fourier series. In order to get better approximation of the loading on the outer surface of the panel
especially in the loading border by the infinite double Fourier series, the influence of the Gibbs phenomenon is used. The cylindrical panel material is
considered aluminum 2024-T351 in accordance with the use of these panels in actual work environments. Verification of the results is done using finite
element simulation in Ansys software. The comparison of the results shows a good agreement between the solution by the infinite double Fourier series
method and the finite element method. The results of this paper can be used for analytical modeling of cylindrical panels under any desired form of
loading and also the distribution area. The estimation of the life of thin-walled cylindrical pipe under external loading is other applications of this model.
Keywords

Analytical modeling, Thin-walled cylindrical panel, Infinite double Fourier series, Gibbs phenomenon, Finite element method.
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Fig. 1 Geometric characteristics of thin-walled cylindrical shell
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Fig. 2 Pressure loading characteristics on the outer surface of the
panel

Wgy 7)1 mhw 59, 2 LS )L Slanie ¥ IS
gy (521 lam 50 (,l05,1 cod Glailginl o G (gl 4z o
4 NS L 558 s (33) alaily wa=L.b=0QgR 55,k o\,
D9 (o0 iy 5 D90
P (x.®) (34)
" Poo sin(B)

=m=0 2 B sin(Ax)

M N . .
+ Z Z Pun @sm;(ﬁ) cos(n@)sin(Ax)

m=1n=1

2 S+ ey
Poo = — P, (x. 8)sin(Ax)dxdg (35)
ab J,_c J,_4

4 (S5 (145
Pon = — J- P, (x. ®)cos(n®)sin(Ax)dxdd
ab Z_E n-=

d
2
S Sk ln a8 o e )0 S emny S
A aales ool lis ol &l Caend (o (g,Lid
dgazxo lodl g3w Juo —F
5losn] s 4 gl ooyl (sl (gl Sgamma ledl g, 5 lie oyl o
oolatul 2 > (6,18 )L cow slaslyinl sla o @Sl el wYoles J>
—aslgal Jio 5 (Seedly- Sl o Gas cpl 4 oy sl el oals
ol oo Sl 1o sl el 58l 05 50 (o é gam dw (g
Slp snbe 098 peded Hlore wisly SC¥! iy jo b S 508 oS col
OS5 =S¥l O jgo 4 olge Jlid) g al a8 L5 )8 eole pds Lol
sheslaiul b slaslgnnl iy sgaze Hlodl Joo 0 8 oy yas s S5
b b ol g slasgly aaies g 0jlgns cwls waxan ol glad
50 ool ax o 5 LSHELLLBL (sl 0,5 4 atwg ledl 5l ooliwl
Slp ol 5l g ol il il doe (Gheo b aw 5 Jsl b aw) o F
sooole LB, o .l ol S5 sl 15,5 g e sles S
ey 0 BISO TB jsiws laws 3 IS L gillae Jas e (23,5 ol
p el 2B Jlid Oose a4 (61081 Ll odd iy x5 o] 1530

el oud iy 5 B aszes 5 X (559500 Sl puite ol o J 53, 2 Z
ool 530 Ll 56,5 Ll slags o ool IS S
{12, 18-17] canl 15 &5

w w o [WmnCOS (no) sin(/lx)] (30)
ul_ Z Z lumn cos(n®) cos(/lx)|

v Vi Sin(n®) sin(Ax)

B m=1n=0 P cos(n@) sin(Ax)

Sl glailgial Slate oins ly sl A = Tl ol
lag] liniio 5 a8 Slodamy )0 25290 SDlaz (olod iy (59, 2 00
Lyl b Gillas a5 Wigd o i atgy sl 4o SIN(AX) & ke Lol
5 B0) Lis; 050 c3Sle bl O sl o aid S 55 5 (55
calp ol s g ez EYolao o8 oS umdl i SYolas ol
J> b wlioe cs 0 )35,k 5 (Wi U Vinn)) S i & 59
5 sl s 4,8 alpl (it s SYolas olRiws ol o9
g so dmolne Py (65035,L 4558 o po ool 5 oS
2Ll 490 4593 (G pw 058 50 (ulod HLELS-)-Y
£ b Ji el olaal o (pules jLad g5 51 (6 N0 Jlesl yolaie
Sl mges al 0,8 eolaul ool ailfgs 4y )68 (g, 3l g5 (oo olgsds
% 9 09hee 4id)F i )3 oalitel alfgs w598 (6w So g0 4 (oled
@ >l oobes jlad Jloel (hg, cnl 005 oo Jlosl 6,185 osg05xe
2 RSk algs 4558 5 m Canl alin (ALl 558 Slas y S
Dedise el py D50 SOl slailead o s,

2 - 31
P(x.9) = Z Z P cos(n@)sin(Ax) (1)

m=0n=0
GRS L oogaze 0 p5 alE sy IS0 avuloe b Py 4,98 ol s

gl oo dumlne > 395 00gde (pi o g Jles]

4 (32)

48 pad
Pon = — J; {_ J; ri; P, (x. ®)cos(n®)sin(Ax)dxd®
2 2
5 Cosl (A5l 55 0 Slase (€.1) alal,y ol yo 2 IS5 b illas
il oo dtwgy e g (595 Slaiel jo (6108 L slel oS 5 4 (€. d)
3 Il 598 sy JLid @i @l o )0 ol 9929 4 (slallas
59y 3l ol Bds (sl g wiS e a3 S 0y Gloie 1 (650 bl
b I8k 8 (6 ey gyl 5o O9dige ooliinl LaSions (o585
5 oled @8ls jo waz calyd (nl Ssbse (oagiil Gz G po Jles!
=Ly o] culg polis o axies (33) al, )°¥w
NS e ool o el TEB =T n = [1.N].m = [1..M]
Jboel (dedains 009 S5 0 diwgy ()5 o (59 p C IS (5 ,Ls
2 S8 mss b g 35,k Dol 6l (B sy nl g d9dee
el o jlws (6,185 ) oo guze



5th National Conference on Computational
and Experimental Mechanics, SRTTU, Tehran
16 February 2023

o2 Ao slead o 0,500l 55,0 Lls sl b o @Loj ogdle
...M"
sllgal oy waie ol ¥ Jgax
Table 2 Geometric dimensions of cylindrical panel
S=R® | O | Rm | hm | Mg | Lm

1.168 180° 0.37225 0.015 0.04 2

Oglie 6,155 Laulps 5 Jxy arsly Gulol 2 ol gl Sy slo Jaa ¥ Jgur
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and without Gibbs phenomenon

alFss 4,08 oy pf a4 Jopme logKe yosd (5,050
lyo e s Aol oBius 4 Lol (Jolw SYolee [0 oalil
4,98 ol o DYoles s (pl U b ity ople> Win Ui Vi)

Al Joe @S Olgor i (nl 4 g sl (oo drnlne SV spme w5 5o
2,5 dslin ol 1581 05 Jasgs Sgaoe ledl (g5le At S Ll 0nls

D Al O ygo A ol ol elul ren

@

CEM 2022

P9 g Sl Sl o Salod (morniy
S 5 a0 S 5 ORI o) 388
1+ olo cpogs YV

Lo 2B ahw 6oy 2 @050l Jow slalel Ju gle gleds
23,8 oo 1zl el dcgozma jo (s (I35 L jenne

-

[

&
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