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A Study on the Vibration Characteristics of Steel and Plain Weave
Composite Cylindrical Shells Combined with Internal Plate Structures
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ABSTRACT

A method for the analysis of free vibrations of steel and plain weave composite
cylindrical shells with a longitudinal, interior rectangular plate is developed by using the
receptance method. This method is based on the ratio of a deflection(or slope) response to
a harmonic force(or moment) at the joint. In this study, after getting the free vibration
characteristics of the simply supported plate and shell, the frequency equation of the
combined system is obtained by considering the continuity condition at the joint between
the plate and the shell. The numerical results are compared with published results and
experiment results in order to show the validate of the formulation, and shown that the
analytical results agreed with those from other methods. The effects of the location and
the thickness of the plate on the natural frequencies are also investigated.
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Table 1 Dimension of combined composite shells
(unit: mm)

Material Case 1

Case 2 Case 3

Dimension GFRP | CFRP CFRP

Length( L;) 360.0 3600 360.0

Shell | Radius (a) 109.0 109.0 109.0
Thickness( &) 35 37 40

Length( L) 360.0 360.0 360.0

Width (b) 218 218 188.8

Plate
Thickness( 2,)| 35 37 36

Location

g1=90°l 87=090°| 6]=120°

Table 2 Material properties of steel and plain
weave composite specimens

ANSI type
Properties Unit | 3% lcrrp|GFRP
stainless
steel
Longitudinal
Young’'s modulus| GPa 207.0 58.0 26.2
(En
Transverse
Young's modulus| GPa 207.0 58.0 26.2
(E2)
Longitudinal
shear modulus GPa 80.0 39 49
(G12) :
Mas?pd)em‘ty kg/m®| 78600 |1540.0|1880.0
Poisson’s ratio ~ 0.29 0.08 012
(viz)
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Table 4 Comparison of frequency :parameters( Q)

7} 104.0 HzelZx,

=

L

cAXNE Agd dg FAAE AMARLH, ) . N )
o of the isotropic cylindrical shell with an
Table 3ol WeEbUT. ol 71stey FHo2A internal plate(symmetric mode) at severa.
Table 3 Comparison of frequency parameters( Q) locations
of the isotropic cylindrical shell with an - -
internal plate at 8} =115° location: Plat.e Mode Present Reference' Reference™
a=0254m, hy=h,=000508m, L,=127m Location QO Diff.(%) @O Diff.(%)
1 (00255 0.0296 138 0.0267 45
) 6) + _ano| 2 100670 00630 6.0 0.0647 34
Mode Present Referepce ) Referepce o 6;=90"| 5 00791 00863 83 0085 75
2 Q Diff.(%) | £ Diff.(%) 4 [01368 01350 13 01320 35
15 0.0306 0.0367 16.62 0.0334 8.38 1 [0.0306 0.0367 166 00321 47
2S 0.0670 00693 331 | 00715 6.29 6" =115° 2 00670 00693 33 0.0713 6.0
3S 0.0883 0.0939 596 0.0958 7.82 1= 3 (00883 00939 60 00949 69
45 0.1128 0.1170 359 | 0.1150 191 4 01128 01170 36 01160 2.7
1A 0.0589 0.0625 5.76 0.0606 2.80 1 10.0491 0.0572 142 00483 16
2A 0.0774 0.0828 6.52 | 0.0805 385 0 =135° 2 100670 0.0709 42 00707 52
3A 0.0961 0.1030 6.69 | 01050 847 1 3 100775 00795 25 0.0818 53
4A 0.1277 0.1330 398 01330 3.98 4 101377 01330 34 01360 1.2
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Table 5 Comparison of natural frequencies of
analytical and experimental results of
the GFRP plain weave composite
cylindrical shell with an internal plate

at 7=90° location

Method| Analysis Experiment
Mode* lz‘lr_lezc;. fgg P(m,n) S(m.n)

lst 2345 2450 (1.1) -
2nd 3443 3350 2.1 -
3rd 547.2 540.0 (3.1) -
4th 579.2 610.0 (1,2) -
5th 696.0 660.0 - (1.3)
6th 774.1 750.0 (22) (1.3)
7th 804.5 810.0 - (1.2)
8th 813.8 - - -
9th 8432 905.0 - (1.4)
10th 996.9 940.0 (3,2) -

* : Frequency ascending order
Note : 1) A dash and underline indicate small
amplitude
2) P(m,n), S(m,n) : Half wave numbers
of the plate and shell

Table 6 Comparison of natural frequencies of
analytical and experimental results of
the CFRP plain weave composite
cylindrical shell with an internal plate at

47 =90° location

Method] Analysis Experiment
Freq. Freq.

Mode* (Hz) (Hz) P(m.n) | S(m.n)
1st 389.6 400.0 (1,1) -
2nd 568.2 575.0 2.1) -
3rd 905.0 887.5 3.1) -
4th 925.7 925.0 (1,2) -

5th 1162.6 987.5 1.2) (1.3)
6th 1250.8 1225.0 (2,2 -

7th 1284.9 12625 - (1.2)
8th 13339 1325.0 - (1,4)
9th 13995 1512.0 (3.2) a4s
10th 1644.8 1650.0 - (1.5)

* : Frequency ascending order
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Table 7 Comparison of natural frequencies of
analytical and experimental results of
the CFRP plain weave composite
cylindrical shell with an internal plate

at 6} =120° location

ethod} A palysis Experiment
Mode* \|Freq.(Hz) |Freq.(Hz) |P(m,;n) |S(m,n)

1st 476.4 4700 (1,1) -
2nd 044.0 620.0 (2.1) -
3rd 963.1 865.0 (3,1) ~
4th 973.4 925.0 a.2) (1.3)
5th 1082.8 1080.0 (4.1) (1.2)
6th 1210.6 1215.0 - a4)
7th 1268.2 1305.0 (2,2) -
8th 1389.8 1340.0 - (1.4)
Soth 1437.2 1430.0 (2,2) -
10th 14512 1660.0 (3.2) -

* : Frequency ascending order

158/82 4225383 X/4 9 A Al 1 &, 19994

oA FolR AtzZt@e AFF7E F7HEA I
2 AZEd, &, 723557t 4764 HzE
Hol A¥HE ATEG & 18% JFF FHE
AI, 9454 Ui AFY Atzmel Fo] 2180
mmol A 1888 mmE FotA 7] W&o F+7t
7bete Aol T¥ ol d o FF
ANHoE ATA REy AN AP TFZREY 2
FolA do] Tl A¥HE ARG dA YeY
LA 7= 3trt,

N

=

fr oft rir o

oM
N N

43 5| 5 Wt ©E
54 Yo AF¥HE HA EFAE AMztH
FAZ AA AY FXEY IFAFFA uAE
&S Hrtes 9ste, Case 1 Tl Wl #
FA W3zl @E FAALE FYFAYG Case 1
2de @3 Mol RE¥E 35 mmé FAE ZHI,
[03/£453/905], A% ¥ GFRP YF4A=ZAN Fo
go] AFE ASoltt. 4549 FAE 35 mmE
dAsT, WHE Atzge] EAE 1.0 mm~80 rmm
7tA ] Bl Utk FAAANAN ALZHe] FA

K= EA]
O 1o

9
2

1.80 200 - 280
2000
1 /" h =3.5m .
18009 | —O— paun " e
1
1600 [ I , ,/
j B P31
o |
o 00+ | @ su) ’
N 1 ’
Fe) ! —&— s
2 1200+ | “n / i
| Asaw) A e
T 1000 g
ot /A’
= ] / e
— — - ” b
F P
1.7 o & -t
400"// - - B =
)t e 2/_,/ c,.—/’@/
2004 e o
g
0 —T T T T T !
1 2 3 4 5 6 7 8

- Plate Thickness (mm)
Fig. 7 Effect of the plate thickness( #,) on the

frequencies of the GFRP plain weave
composite cylindrical shell with an internal

plate at 6} =90° location



=

Fu 7EEc] AYE F 2 HFH E¥AE 9%52Y 7235 54 87

7t dEtg o H5eAM 2 ASFE dFs @

Fg 72 #3 EFAs & 54 ¥std da A
AANY w3 A BEY I{AFSF WSS e
A, T-AM AR xFE # FA s o
E A4 A% 9549 FA HEE 2edg. 337
A Az Lo E Wiy de dojwg vt X
Wide g yvehgten, o #e ¥/ W3ald ug
Adxog Zyetget £33 9549 e o)
g om=1 Roo tidty $FWE p=3 &7}
s AR Jedz, ol #e FAVE oF 5 mm
ol-feo] HW, Ao A AFE B LFAY
it BREQ 5 =20 4R ST ol s Aol
Ehled, ol TAEEE ol FAY IS 9 o
AeA € &Y + Uk =¥ » FAN 4 8
mm AE7F HA #Weo P2, 1) RE:Ev 4549
S(, 3) RTrRT FotxA HI, wIA/AEZ %9
P(i, 1) RE2E 9549 S(1, 2) BEHT FolXA
A 3tk oA Y5 FAV A, Ho| T
AL AW #e AFEF7F Fobx Aoz AF4
9] 7|F0o] AAAAM JeEhIEE oujdit,

44 Rmo| Heteix|o] ME MUSEL

T AGE d5A0AM Y v AYEAA L
AF 7o v s #Brtet7] Aste] Case 1
2 g FAALE FHAL, AHdEe AT
61=90°~150°7tx] g W I {HAFSF W3
g Fig. 89 Uetliich Fig. 73 =32 B
AR AT FGAA EoldFE o Fo] Fas)
o A FAX WA HEE AE xFelEe 74
W32 A Jetd Ak ARAA 67 ADAFE,
2 1549 $M YolA4E B} A58 A
el .48l FFgFE FUHeAT. w AFAAT
o [30°0)4e] HY e AFFe F438] Fdke
g #8, A& Jetde 4849 g+ E S(LL 3)
BD 2 AFAAIE 110° oldelME JFSF M
o] AsA Hi, 10°olFedME ArAEe P(3,
1) 2ERY o 2 & ZA HAdY 2 4%
de 5(1, 2) RES P(1, 4) B2 247 ¥
7b 130°9F 140° AE7H HE dAEA HJSG #
ghx oo AYAAI dF4 1 HAFF SA

v 9gozA AYAAN FYAA BolFFF
A5 Frrsted, B JFF Wi 747

W, 4 FESE BTl mebd o

g o

2
N

[N

Total Weight (kg)
215 205 2.00 1.95 1.90
2000

—
1 b =h =35mm LA
1800 1 p s 4 |
1600 | I
= - i i
T 1100 ) A ;
g 1200 B e
- P
g s 4
z, 10004 - -
= - / P
s 1 o K
5 ) e
£ 800 M———— 8~ e — M -
z *——— - A
600 | et g d
: - -
b o
a0 P <
NI S-Sy aa
200 S———

90 100 11|0 ' 1;0 ' 1:;0 I 1:0 I 150
Plate Position(0 ,*)
Fig. 8 Effect of the plate position( ;) on the

frequencies of the GFRP plain weave
composite cylindrical shell with an internal

plate at 6] =90° location

g2 Z7ME dAHAE AEFE BAh

Fig. 9= CFRP #3 B8 254 Case 2
ot 39) H¥E 5 B3 Ao EFHQA R o)
& ZTEAS JeEhdT AFAdEdAN @ AR
LA FHAFFE i WE ALHS 4%
e RE7F FaA FEE Jdegen, £ 3
ZE9 e/t 2HIFAAY EF & L Hole
ALde RE7E AAHE 4 Bd dA4EY
o TREY AFFAA FEI7 Y& ASdde
g3 Ao izt i3 ABE BT Qo] I AFF
Ao JorFe] & a7t 4
stk Wk AEE £ TS &
o 954 ZT A oA UR =]
gtol 298 doj EEFFY WE A i
Uelf®] E3514ch. Table 6~79 ZZ=olA AF
uhe} 7hol Atz AdE EIAE 54 AX
Mo "EFE W RIrh AujHon, ¥A F
FojA 92 Ty YetEd 95489 EEE
we] 2t AAMFo] Yeldn, o A4aHE A
o F( ;=90 o] AFHE AFEY
6 =120 o] AFHAE AFol o A YeEb
7] W 2o} w3 Ao RE=E FIHIA FESIIVE
olgA HUtk olAL #Y FFF7 EForAUA
AEA ] s vkdA F FxE HME

FRASHNEZEHEX/A 9 A A 1 F, 1999d/159



o] ¥ AN-3 #© @
100 ~ 100 T
e ~
] / ] // \\
[} a— —— e S | oﬁ { |
—— \ 1 \ |
.m# \_// 100
-200 = T T T M T T T L =T v T -200 T T T T 71 T T
-800 500 -400 300 200 100 0 100 -800 -500 -400 -300 -200 -100 0 100
Mode P(1, 1)
200 200
100 | TN wo T e ~—
/ \ / AN
/ N
L \ / '
o — ¢ = o !
o ] “\ ;
\ \ /
e — e
-100 \\/ -100 - \___,,,//
200 o LU T Al T T L L i 200 T T A T L) T T T T
00 400 %0 -200 100 ° 100 00 500 400 300 200 100 ° 100
Mode P(2, 1)
200 — 200
1 4
100 TN 100 T, ~.
/ e N
4 ] / \
/ { \
4 ——— _ { 3
° = T - ! i
} 1 I3
\ / . N\ /
4 S e e —— p—— ==
100 \~\,——// 100 \\ ________ __,///
-200 T T - T T T T T T 200 W T T T T . T T ™——
800 500 400 300 200 100 [ 100 00 500 400 300 200 100 ° 100
Mode P(3, 1)
200 200
J
100 -] 100 e T — e
0 [
100 -] - 100
200 —r—T — - T T T —r— T 200 T T T T T T
800 500 400 300 200 100 3 100 800 500 400 300 200 100 [ 100
Mode S(1, 3)
- -
(a) 6 =90° (b) 6 =120°

Fig. 9 Comparison of typical experimental mode shapes of the CFRP plain weave composite cylindrical shell
with an internal plate at 6] =90° and 6)=120° locations

160/ SXES S X/A 9 A A 1 F, 19993



) WA 2y 4Ede 722

ot
4t
oX
R
4

200+ 200
100 100
° 0
1 { = —
—=
100+ e a0
200 T T T A T T T -200 T T T T T T T
o 500 400 300 20 400 ° 100 400 500 400 300 -200 100 ° 100
Mode S(1, 2)
20 200
100 e == 100~ e
o 0
100 - — 100
2001 T T T T T T -200 — T LS T T T i T
R 500 -400 300 -200 100 [ 100 500 500 400 300 -200 100 ° 100
Mode S(1, 4)

(a) )=

(b) 6 =120°

Fig 9 Comparison of typical experimental mode shapes of the CFRP plain weave composite cylindrical shell

with an internal plate at 6} =

A2 by FRolPE A Wi YegdsE RS
2 k.elt,
5 =2

uigel # FxEel 2¢W 954 AE5HA o
: AFFPRNE FHTVUL 0§l
o

S RSYL, FAAL PPl dstel HE AUt

o]E-d9] AREL JIE AFREY A3} FFAH
g z3Ex Z 49X FA5Y 8BS U3
e We]l Alzpwo] AYE AFAHY IFFE
Az Be vt Aeigez Jepwd. 49
A7 AT R B9 FAV FAY o o
2 oY AFsE A¥AHOEZ Frisy, 49 AF
Ty F71% 4dAFAC HE EErt gl £§
g AR FgAA FAAFF AAHA
AE-rE Z78tz, 2F A9 wse dAEgs

90° and 6] =120° locations (Continue)

Bel AESO 9 2 A% FUo, w3k 49
REgAel AQEAT 2o veoh
£ 7

2 A7E 19979E TEHF HEAFZAVCIA
F8 ME-97-A-16)0] lstl A7Hgon BAR
qAEA e BAHE =94

2 2239
(1) YS. Lee and K.D. Lee, 1997. “On the
Dynamic Response of Laminated Circular
Cylindrical Shells Under Impulse Loads”,

Computers and Structures, Vol. 63, No. 1. pp.
149~158.

(2) YS. Lee and Y.W. Kim, 1998, “Vibration

HRASVSIEASHK/A 9 B A 1 5. 1999d/161



o]

off

Analysis of the Rotating Composite Cylindrical
Shells with Orthogonal Stiffeners”, Computers
and Structures, Vol. 69, No. 2, pp. 271~281.

(3) M.R. Peterson and D.E. Boyd, 1978, “Free
Vibrations of Circular Cylinders with Longi-
tudinal, Interior Partitions™, Journal of Sound
and Vibration, Vol. 60, No. 1, pp. 45~62.

(4) T. Irie, G. Yamada and Y. Kobayashi, 1984,
“Free Vibration of Non-Circular Cylindrical
Shells with Longitudinal Interior Partitions”,
Journal of Sound and Vibration, Vol. 96, No.
1, pp. 133~142.

(5) RS. Langley, 1992, “A Dynamic Stiffness
Technique for the Vibration Analysis of
Stiffened Shell Structures”, Journal of Sound
and Vibration, Vol. 156, No. 3, pp. 521~540.

(6) J. Missaoui, L. Cheng and M.J. Richard,
1995, and Forced Vibration of a
Cylindrical Shell with a Floor Partition”,
Journal of Sound and Vibration, Vol. 190, No.
1, pp.21~40.

(7) M. Petyt and J. Wei, 1997, “Free Vibration
of an  Idealized Fuselage  Structure”,
Proceeding of the 15th International Modal
Analysis Conference Japan, pp. 647 ~653.

(8) o194, HH&, v F, AAS, 1998, "W Fol
Yol A%E EFANE dF4AY AFJAF HA,
FF42SAFFTEHS 19989 FAISGSUI=EA,
pp. 327 ~333.

(9) T. Irie and G. Yamada, 1984, “Free
Vibration of Jointed Conical-Cylindrical Shells”,
Journal of Sound and Vibration, Vol. 95, No.
1, pp. 31~39.

“Free

162/8t=2 22253 X|/Al 9 & Al 1 5, 19999

(10) S. Azimi, JF. Hamilton and W. Soedel,
1984, “The Receptance Method Applied to “he
Free Vibration
Plates”, Journal of Sound and Vibration, Vol.
93, No. 1, pp. 9~29.

(11) D.T. Huang and W. Soedel, 1993, “Natural
Frequencies and Mode Shapes of a Circular
Plate Welded to a Circular Cylindrical Shell at
Arbitrary Axial Positions”, Journal of Sound
and Vibration, Vol. 163, No. 3, pp. 403~427.

(12) D.T. Huang and W. Soedel, 1993, “Study
of the Forced Vibration of Shell-Plate
Combinations Using the Receptance Methed”,

166, No.

of Continuous Rectangtlar

Journal of Sound and Vibration, Vol
2, pp. 341~369.

(13) A4, 1997, "dgo] AT¢HE A% dFAHY

dFL2SAFTTEI A,
Al 2 &, pp. 331~346.

(14) JS. Lim, D.S. Sohn and Y.S. Lee, 1998,
“Free Vibration of Clamped-Free Circular
Cylindrical Shell with a Plate Attached at an
Arbitrary Axial Position”, Journal of Sound
and Vibration, Vol. 213, No. 1, pp. 75~88.

(15) R.E.D. Bishop and D.C. Johnson, 1960, The

Cambridge

o =37
LRAE 547

Mechanics of Vibration, London:
University Press.

(16) W. Soedel, 1993, “Vibrations of Shells and
Plates”, 2nd ed., Marcel Dekker, Inc..

(17) Lahey Computer Inc., 1994, “Lahey Fortran

User’'s Manual”

(18) 1A, HABH, AxA, 1999, “T&AA
Steel @ GFRP E#AE 9549 ARAEF &
A" FFAESAEZEIYA], A 9 @A 2 T (AA)



