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Vibration Characteristics of Conical Shells
with Linearly Varying Thickness
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Natural Mode(2l2=), Varying Thickness(Z7FH 7))

Abstract : This paper deals with the free vibrations of conical shells with linearly variable thickness by the

transfer influence coefficient method. The classical thin shell theory based upon the Fliigge theory is assumed

and the governing equations of a conical shell are written as a coupled set of first order matrix differential

equations using the transfer matrix. The Runge-Kutta-Gill integration method is used to solve the governing

differential equation. The natural frequencies and corresponding mode shapes are calculated numerically for the

conical shells with linearly variable thickness and various boundary conditions at the edges. The present

method is applied to conical shells with linearly varying thickness, and the effects of the semi-vertex angle,

the number of circumferential waves and thickness ratio on vibration are studied.
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Table 1 Frequency parameters A, of conical shell
shells
simply supported large end

with clamped small edge and

a=30" a=45"° a=60"
Y Present Ref.[5] | Present Ref.[5] |Present Ref.[5]
0 | 0.89383 0.8938 | 0.80412 0.8041 | 0.73531 0.7353
1 [ 087799 0.8780 | 0.79850 0.7985 | 0.73469 0.7346
2 | 082706 0.8271 | 0.78148 0.7814 | 0.73294 0.7328
3 | 0.74606 0.7461 | 0.75416 0.7540 | 0.73065 0.7304
4 | 06579 06580 | 0.72135 0.7211 | 0.72941 0.7289
5 | 058378 05838 | 0.69071 0.6903 | 0.73180 0.7311
6 | 053288 05329 | 066946 0.6689 | 0.74067 0.7396
7 1 050731 05073 | 066226 0.6615 | 0.75834 0.7570
8 | 050616 05061 | 067106 0.6701 | 0.78621 0.7845
9 | 052708 05269 | 0.69593 0.6949 | 0.82485 0.8228

Table 2 Frequency parameters A of conical shell

shells with simply supported at the two

end(a« =30°, hy/R,=0.01, h,/hy,=0.5)

Present method Ref.[6]
n

1st order 2nd order | 1st order 2nd order
0 6.86107 1818213 6.861 1818
2 1468217 1718430 14.680 1718
4 990975  14.96973 9.910 14.97
6 858732  12.83058 8.587 12.39
8 984918 12.39314 9.849 12.39
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Fig. 2 Frequency parameters of clamped-free with

linearly varying thickness(c = 30 °)
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Frequency parameters A

Semi-vertex angle a

Fig. 3 Frequency parameters of clamped-free for
semi-vertex angle(cv =45°)

38 -



g A\ = 2 Fojzt} Table 19
A B E Al o3 AE getvy g
23 [5}e] Ao} mlwate] w87t agtolut
WaFe] Rimbr pgkell BAIQle]l & dAsta ok
T3 Table 25 A7} Wshs A9 a=30°
hy/R=0.01, hy/h,=0.50]3 Fere] AAZZ
Qs A2 E AE ve
AET deto
%%‘—%‘o

o] & ¢

a7

Y O
-

o

BN

¢

FEA A Y A %
o. FA7F W3le Agol=
< FuEd (619 A} vlwste
g @k AF 24 1, 2210l #AIG
9
Fig. 2= XA Zd 1 oA o
SR Q1 9o AFErrEke] dlu
Slol] wE 1%} ]
Hsls Yebd A
o A= Htakg= pgko
“7}0}‘:}7} oA 2
|

o

£ e

©
NN
f

o

ru_
?1'
o

al
=R=]}

S
ﬂJQ

L
o 8

off t1 4y lo r®

o
O

i-iw

ok
SA7MA ] ZE4 Tt
dolty. o1 AxE w13 A
7Vl ot I
ngkol 54 W A
F7F F7ksta Aok 2%
= RHg pgke] STt wet
F ngkel 6 = 79 FelA H
3 oA Fbeke AEE Belth

]
2

X ot T

1

5
&

_4

o} T

°

TE
2

sm

HI B

Frequency parameters A

——n=0 —l—n=1 —&—n=2 —6—n-=3

—¥—n=4 —@—n=5 —+—n=6

0.4 0.7 1
Thickness ratio h1/h2

Fig. 4 Frequency parameters of clamped-free for
thickness ratio

_39_

N
N
o,
) ¥
2
oX,
N
’ o
'S
o,
-\
oL
o2
lo,
(L,
i

o oY
N

o o B
[

12 oy )

-

oN I
N
9#

I
Ku)
>,
oy

B o
(e}

=009 2 24
71%71: 740}%1&1 n%kOl 501
ALy AAe 71A

(a) 1st mode

(b) 2nd mode

0 10 20 30 40

(¢) 3rd mode

*—u

—-—y

—a—w

0 10 20 30 40

(d) 4th mode

. 5 Mode shapes of clamped-free with varying

thickness(n = 2, a =45")

_



AgH o FA7t sl

9 T o] AAzol
9 wrule] W] we
gol we 13 A% v
W Folt. Al Z7)o
oA 1712 e 4
ghol 20494 E A9l H14

3

(e

_{

934 2k,
2ol A 421712 9
=& yehd Aol Fig.
gko] Wo(U),
(V), i BA
ehiim, Au9e 12 sk A4
40709 8AE AE3te TAF

o

oX,
o

N P 2

o,

o M
& Ip

% )
fr o o
o K

>

H

*

2 % [

T

rr

2 o9
)

-
=2,
x

yo M

2
X ool B oo

AU

2
il
o
4> oot
it S

N
()
_O‘L
rr
o ot
i

ol

i

o
o
o

o

iy

=X

ol

o

o &
[

r2

-

2

gLL

(o]
R A - A

o
(L
g
oo

ofr
ol
N
r
td
i)

4 oft
ol

2
ro,
rot
o
N
N
R

N
N
~

o (X
w 2 o Lok

=

b foir ofN
g, oX
2 1o fo

rx o oy

2, to
R
>
od
o
_O|L

AN BN oE o o
ofr

Moo M oSN ooy &
19
o,
=3
B
=

R o
=3
B
4 o
&

£ oft o

fu to, y

ez g

offf

i+

o

£ NP
o

=2
BN
>
-
ol
-

1. A. W, Leissa,
NASA SP-288.

2. A. H. Sofiyev, O. Aksogan, 2004, "Buckling of
a Conical Thin Shell with Variable Thickness
Under a Dynamic Loading”, Journal of Sound
and Vibration, Vol. 204, No. 2, pp. 903~915.

1973, "Vibration of Shell”

rr

A

] A

BES D 4

AsE
3. K. M. Liew, M. K. Lim and C. W. Lim, 1995,
"Effects Twist and Thickness
Variation  on the Vibration Behaviour of
Shallow Conical Shells”, Journal of Sound and
Vibration, Vol. 180, No. 2, pp. 271~296.

K Y. Lam, H. Li, T. Y. Ng and C. F. Chua,
2002, "Generalized Differential Quadrature
Method for the Free Vibration of Truncated
Conical Panel”, Journal of Sound
Vibration, Vol. 251, No.2, pp. 329~348.
L. Tong, 1993. "Free Vibration of Orthotropic
Conical  Shells”, of
Engineering Science, Vol. 31, No.b5, pp. 719~
733.

T. Irte, G. Yamada, and Y. Kaneko, 19832.
"Free Vibration of A Conical Shell with
Variable Thickness”, Journal of Sound and
Vibration, Vol. 82, No. 1, pp. 83~94.

T. Irte, G. Yamada and Y. Kaneko, 1984.
"Natural Frequencies of Truncated Conical
Shell”, Journal of Sound and Vibration, Vol.
92, No. 3, pp. 447~453.

K. R. Sivadas and N. Ganesan, 1990.
"Vibration Analysis of Laminated Conical
Shells with Variable Thickness”, Journal of
Sound and Vibration, Vol. 148, No. 3, pp. 477
~491.

&, 2005, “Eol
dagFe TR
A, A3Z, pp. 58~65.
11. W. Fldgge, 1973,

Springer—Verlag, Berlin. pp 402~413.

of Initial

and

International ~ Journal

10.

"Stresses in  Shells”,

_40_




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


