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Free Vibration Analysis of Circular Cylindrical Shells
with Longitudinal, Interior Rectangular Plate

Y.S. Lee, M.H. Choi, C.H. Ryu

ABSTRACT

The analysis of the free vibrations of a circular cylindrical shell with a
logitudinal, interior rectangular plate is performed. The natural frequencies and the
mode shapes of the combined shells are experimentally obtained by impact testing

using an impact hammer and an accelerometer.

The effects of the position of the

plate on the frequencies and mode shapes of the combined system are examined.
The experimental results are compared with a finiie element analysis and show

good agreement.
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Sound and

Table 1. Dimension of specimens and locations
of the interior plate

Length (mm) 500.0
Shell | Radius (mm) 104.5
Thickness (mm) 3.0
Length (mm) 500.0
Thickness (mm) 3.0
Plate Location & fo = 90° 209.0
ocation

o = 120° .
Width (mm) o OO 1810
6, = 150 1045

Table 2. The frequency comparison with

experimental and FEM results for the isotropic
steel cantilevered cylindrical shell

Method Frequency (Hz)

Mode Experiment| FEMI1 FEM2
Ist 265 (1,2)" | 282 (1,2) | 309 (1,2)
2nd 470 (1,1) | 535 (1,3) | 541 (1,3)
3rd 550 (1,3) | 556 (1,1) | 651 (1,1)
4th &5 (2,3) | 854 (2,3) | 877 (2,3)
5th 1020(1,4) | 1002(1,4) | 1008(1,4)
6th 1135(2,2) | 1128(2,4) | 1137(2,4)
Tth 1160(2,4) | 1170(2,2) | 1209(2,2)
8th 1560(3,4) | 1548(3,4) | 1555(1,5)

* | (mn)=Axial and circumferential half wave no.
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Table 3. Frequencies and mode numbers of a

partitioned shell with the plate at the center

Experiment FEM

Mode |Wave No.”| Freq. |Wave No.| Freq.
Shell Plate| (Hz) |Shell Plate| (Hz)

Ist - (LD 2675 - (1,1) | 2677
2nd |(1,2) (1,2) 275.0 (1,2) (1,2) | 286.3
3rd - 22 3275 - (2,2) | 3485
4th [(1,1) - 390.0 |(LD - 438.2
5th {(1,1) (3,1) 422.5 - (31) | 4500

. 6th |(1,D) (1,3) 4450 |(1,1) (1,3) | 4805
| 7th (1,3 (31 | 5355 | - (41) | 599
8th [(1,3) (41) 6325 [{(1,3) (1,3) | 6349

* . Number of half waves for the shell and plate

S : (m,n)= Axial(xs-dir.) and circumferential dir.
P : (mn)= Axial(xp-dir.) and y,-direction

Table 4. Natural frequencies of a partitioned shell

for various locations of the plate

Natural Freguency (Hz)

Mode

8o = 90°

B, =

120° 8, = 150°

Exp. | FEM

Exp.

FEM | Exp.

FEM

st
2nd
3rd
4th
5th
6th
I Tth
| 8th

2675 | 267.7
2750 | 286.3
3275 | 3485
390.0 | 4382
4225 | 450.0
4450 | 480.5
53565 | 596.9
632.5 | 634.9

2825
295.0
335.0
400.0
435.0
467.5
5075
545.0

2949 2715
346.9 | 285.0
423.8 | 3975
432.8 | 4825
440.7 | 545.0
489.2 | 567.5
6534 | 825.0
566.3 | 907.5

281.7
288.1
454.0
4559
555.5
631.4
8373
921.1

Fig. 1. Geometry of a circular cylindrical shell

with a longitudinal partitioning plate
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Fig. 3. Finite element model of the shell with
the plate at the 8, = 120°
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the shell with the plate at the center
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(a) S(-,-) P(LD) (b) S(-,-) P(2,2) (a) S(1,2) P(L,1) (b) S(1,2) P(1,2)

422.5 Hz 632.5 Hz

(c) S(1,1) P31 (d) S(1,3) P4,1) (©) S, P21 (d) 51,3 P(2,2)
Fig. 5. A typical longitudinal mode shapes of the Fig. 8 Mode shapes for the shell with the plate
shell with the plate at the center location, 8, = 120°

(a) 8(1,2)

N

560 Hz

e

(c) S(1,3 (d) S23) (c) S(1,1) P(1,-) (@) S(1,3) P(1,2)
Fig. 6. Mode shapes for the isotropic cantilevered Fig. 9. Mode shapes for the shell with the plate
cylindrical shell without a plate location, 8, = 150°

(a) S(-,-) P(L,1) () S(1,2) P(1,2)

/RIS H

(¢) S(-,-) P(1,2) (d S(1,1) P(1,-)
Fig. 7. Mode shapes for the shell with the plate
location, 8, = 90°
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