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Free vibration of a composite cylindrical shell
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Tutorial on the Free vibration of a composite cylindrical shell

" An all-round simply supported cylindrical shell which is made up of cross-ply laminate scheme [0/90/0] is
considered. It is a thick shell (S=R/h=4) of axial length =5 and circumferential span « = #/3. The material
properties of a lamina are given as E; =172.5, E;=Es=6.9, G12=G13=3.45, G23=1.38, Nujz=Nuj3=Nup=0.25.

Find the lowest natural frequency of the shell and visualize the mode shapes.

Welcome to the tutorial on the Free Vibration analysis of a Composite Cylindrical Shell.
An all-round simply supported cylindrical shell which is made up of cross-ply laminate
scheme (0/90/0) is considered.

It is a thick shell of S =%=4.

And is of axial length L, and circumferential span « . The material properties of a lamina
are that of an orthotropic material. Find the lowest natural frequency of the shell and

visualize the mode shapes.
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Abstract

= The bending and free vibration of 2 simply-supported, cross-ply laminated cylindrical panel with weak interfuces are
investigated in this study. The problem is solved using three-dimensional state-space approach coupled with the kayer-
wise method, which turms the stale equation with variable coeficents into one with constant coefficents. The weak
PuN interfaces are modcled as spring layers. Their eflcts on the integrity of the laminate panel are accounted for by
integrating the so-called interfacial transfer matrices into the global transfer matrix. The cylindrical bending of the
panel is also considered, and an exact static state-space solution is derived. Comprehensive numerical results are
o presentcd and some practical issues of importance 10 engineering applications are discussed.

© 2004 Elsevier Ltd. All rights reserved
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The results are compared with those presented by Chen et al in this paper.
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We can see the lowest dimensionless frequencies have been listed in this table
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We model the shell, create a new model database and set the working directory. Create

the new part which is named as shell vibration.
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And these are the construction lines for initializing the model as the circumferential span
o= % The construction lines are at an angle of % and an arc is created at a distance of

3.5 unit which is corresponds to the inner surface of the shell. And the thickness is taken

as 1 unit. Close the sketch for extrusion and it is extruded as 5S units i.e., 20 units.
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Then, the plies are created through an offset tool as previously explained.
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And a cylindrical coordinate system is also provided.
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Then, in the property module the material properties are assigned to the plies.
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The material properties are those shown in the problem statement earlier.



(Refer Slide Time: 04:30)

g0
B e snns <@ B3

o L8 Adaptre Mesh Consmat:

(Refer Slide Time: 04:42)

T Be Mode Vemer fon Mepw Secon Dofie Composte dmge Specel fempe Dok Puges Hep ¥
g0
3 opery s = (0

BB

o

&
£




(Refer Slide Time: 04:47)

)
B 1 BE

(Refer Slide Time: 04:51)

& Fe Mot Vewor Yoo Meg Secien Dofie Composte fuge Specsl Fe
UEEmit 590 Lol

s e K

G e T ————— o sm




(Refer Slide Time: 04:59)

T Do Mode Vewot Yoo Mugl Secton Duofle Composte dmge Specel Fempe Jock Puges Hep ¥
LEEmit 560 +CASNENEA oM LRC®I0
i Tol) Sl € B e 2. BE

™
big

1gn Specal fempe lock P bep X =i

¢ <581

| SctingDexcsen
Eemet ccpanmete decior |
Bemet copuarmere eecion 2

© temer cequamere texton § Semomvo g

Ve dracn o s et oo Sl o)




(Refer Slide Time: 05:09)

Specal fempe lowh Prgs tep ¥
ol et || u g0
Broeeon i bR

Noms s e, S

st <nideets [y b

Py e
Prmary s ecton: &1
Prmar s i Edges -

thom <Unidoets 3

T Ge Uote temer fee Wagw Secon Dot Compote dge Sorcd fomge Toon Pps b ¥
]

88 +C4LBNER LN LI )




(Refer Slide Time: 05:19)

Befle Composte Sugn Specel Fempe Iook Pugws Hep N
)

+CAAB

. e )
Brmeeon 08~ BE

Nerms s et
Setwafuces Sty

P s St &
Sty s St Dot v

D b § A, P

s Soecal Femge lotk Pige b ¥ A
QI EA a o )

B s - BT

Spcong Dorcsen
Bemert spaametic decton
Eomert sspanmetrc drecon?

Ve drecn o s ramten Catmazm Sl ok

[




(Refer Slide Time: 05:29)

% e ot Vet G Mape Secon Boe Copome bugn S fempe Dok Puges Bep ¥

H E B

.

(Refer Slide Time: 05:33)

T Be Mo Vewor Yoo Mug Seson Dofle Composte dege Specel Fe
LEamdt 590 ke
Lol )l

. LeE0
B (B BE

S
16 Mo 0

L # sdetadmm sfom el




(Refer Slide Time: 05:38)

dugn Speonl Fempe ook Puges bep ¥ - &
+C<LBNEA LN o)
Browon 58 B2

BN asseonuttston et

Al € e

=
stdcns fetmon
8 home

Sexchng Dcocn
Bemert scpaame deeton
et ccpumere eecion

© Eemee cpuamens secten § setom )

N Scxcin o e eareein Coremarm et sy

L Pecdoes et
g fermesnng s
B Cptmcson Tads

. TG0
B (- BE

= Xt docteseertation s ey % sin




(Refer Slide Time: 05:44)

(o swauLia

¥ ese toce TE

+ X S he egors ot e e ot s of et rsten iy

Defie Compete b Specal e Toos Popes b N
FCALEINER L FEE )
B roeyon o B2

- X e dnceteseetatin ebee daieg




(Refer Slide Time: 05:47)

% B Mot Voot G Mepe Secon Boie Compote bugn Sl fempe Doch Puges Bes ¥

W0
B - BE

B BN ) e B A swuun

L 45X Skt e st dfne e pomer s of e e testson. ebtnly v

The laminate scheme is taken to be 0/90/0.
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The outer two layers are at 0 degree.
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And the middle layer is at 90° orientation.
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Thereafter, we go for the assembly of the shell.
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And in the step module, this time we need to do the free vibration problem. We go

further linear perturbation type and go for frequency.
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Using the solver of Lanczos the number of mode shapes that we want to calculate can be
given in the values field.
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Then, we set the boundary conditions which is simply supported.
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There is no load as it is a free vibration analysis.
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Then the meshing is done after a convergence study.
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We take the 3D type element.
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Finally, the job is submitted for analysis.
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Once the analysis has been done, the data file for the analysis can be seen in the working

directory as a DAT file.
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In the DAT file, we can find the calculated frequencies corresponding to the mode

shapes.
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We can see the eigenvalues listed here and on comparing the results after non-

dimensionalizing, it nearly matches with the results presented.
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We can also visualize the mode shapes.
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