Free Vibration Analysis of Clamped-Free Circular Cylindrical Shells
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ABSTRACT

Frequency equation for clamped-free circular cylindrical thin shell is derived by the application of

Rayleigh-Ritz method using the Sanders shell equation. The cubic frequency equation is solved for each

axial and circumferential mode number. Integration of the beam characteristic funcitions was perfor-

med via Mathematica which results in more accurate integration of the beam functions that affect the

accuracy of the frequency. The natural frequencies from this calculation are compared with existing

results. It shows that this calculation predicts natural frequencies closer to the test results than existing

results.
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Table 1 Comparison of the integrated results with other works

Axial wave number
Integral
1 2 3 4 5
Il Ref. (7) 0.244096 -0.603349 -(.744025 -0.818178 -0.858629
Ref. (12) 0.244096 -0.603338 -0.744024 -0.818169 -0.858526
Present 0.244095529 -0.603339785 -0.744024298 -0.818169083 -0.858525883
12 Ref. (7) 1.321888 1.471179 1.252871 1.181911 1.141274
Ref. (12) 1.321888 1.471209 + 1.252875 1.181965 1.141468
Present 1.32188798 1.47121157 1.25287489 1.18196513 1.14146832
I3 Ref. (7) -0.746684 -0.858532 -0.902059 -0.925104 -0.939370
Ref. (12) -(0.746684 -0.858532 -0.902059 -0.925104 -0.939370
Present -0.746684137 -0.858531614 -0.902058460 -0.925103123 -0.939369490
14 Ref. (7) 0.746684 0.858532 0.902059 0.925104 0.939370
Ref. (12) 0.746684 0.858532 0.902059 0.925104 0.939370
Present 0.746683984 0.858531970 0.902020090 0.925496386 0.935550020
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Table 2 Dimensions of shells for each case

Case | Case 1 Case II
Length (mm) 502 625.5 594.92
Radius (mm) 63.5 242.3 304.8
Thickness (mm) 1.63 0.648 0.8128
Young’s modulus(N/mm?) 2.1x 101 68.95 x 10° 69.95 x 10°
Poisson’s ratio 0.28 0.315 0.3
Density (kg/m?®) 7.8x10° 2.7145x10* 2.823 x10°

Table 3 Comparison of natural frequencies of case | with other works

Circumf. wave no. Axial wave number

n Results m=1 m=2 m=3 m=4
Experiment® 293.0 827.0 1894.8 —

Linear 321.0 1095.2 29218 5566.1

2 Sharma® Quad. 320.9 1095.4 29223 5566.1
Cubic 3195 1019.7 2398.9 3963.2

Prosent (Cabic) 319.9 1020.2 2368.0 3849.7

Experiment®” 760.0 886.0 1371.0 2155.0

Linear 769.9 941.7 1638.4 2882.8

3 Sharma® Quad. 769.8 941.7 1638.9 2884.1
Cubic 769.8 930.4 1515.4 2428 3

Present (Cubic) 770.2 927.6 1505.1 2385.8

Experiment® 1451.0 1503.0 1673.0 2045.0

Linear 1465.8 1526.8 1755.8 2283 8

4 Sharma® Quad. 1465.6 1525.9 1755.3 2284.3
Cubic 1465.8 1525.0 1730.3 2158.0

Prosent (Cabic) 1466.1 1519.8 1714.7 2122.8

Experiment®” 2336.0 2384.0 2480.0 2667.0

Linear 2367.1 2409.8 2519.3 27547

5 Sharma® Quad. 2366.7 2407.3 2516.6 2752.8
Cubic 2367.1 2409.2 2513 4 2722.6

Present (Cubic) 2367.3 2403.4 2494.4 2682.1

Experiment® 3429.0 3476.0 3546.0 3667.0

Linear 3470 4 3509.1 3588.5 37338

6 Sharma® Quad. 3469.8 3505.4 3583.4 3728.4
Cubic 34703 3505.8 3586.6 37243

Present (Cabic) 3470.4 3502.8 3566.4 3681.0
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Table 4 Comparison of natural frequencies of case [ with other works
Circumf. wave no. Axial wave number
n Results m=1 m=2 m=3
Experiment® - . .
Linear 404.6 2313.0 5744.7
2 Sharma® Quad. 404.6 2310.7 5724.8
Cubic 354.0 1500.6 2346.1
Present (Cubic) 357.0 1447.0 2261.3
Experiment® 150.0 ~157.0 . _
Linear 194.4 1184.4 3204.0
3 Sharma® Quad. 194.4 11844 3203.6
Cubic 181.9 911.8 1715.6
Present (Cubic) 183.0 869.7 1641.0
Experiment™® 107.0 _ _
Linear 118.5 694.8 1918.6
4 Sharma® Quad. 118.5 694.8 19185
Cubic 114.3 588.3 1248.5
Present (Cubic) 114.9 580.5 1201.1
Experiment™® 89.0 and 91.0 . -
Linear 96.7 456.6 1258.5
5 Sharma® Quad. 96.7 456.6 1258.5
Cubic 95.3 407.6 926.2
Present (Cubic) 95.6 405.4 899.5
Experiment® 102.0 976.0 -
Linear 106.7 331.8 889.0
6 Sharma® Quad. 106.7 331.8 889.0
Cubic 106.3 306.7 708.5
Present (Cubic) 106.4 306.4 . 694.3
Experiment® 130.0 240.0 -
Linear 134.3 270.6 668.8
7 Sharma® Quad. 134.3 270.6 668.8
Cubic 134.2 257.3 563.9
Present (Cubic) 134.3 257.3 556.5
Experiment®® 166.0 227 and 231.0 -
Linear 171.9 252.6 536.5
8 Sharma® Quad. 171.8 252.6 536.5
Cubic 171.8 245.7 473.1
Present (Cubic) 171.9 245.3 468.8
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Experiment® 208.0 246.0 400.0
Linear 216.4 265.3 463.1
9 Sharma® Quad. 216.4 265.3 463.2°
Cubic 216.4 261.7 4245
Present (Cubic) 216.5 260.9 421.2
Experiment®® 260.0 281.0 409.0 and 412.0
Linear 267.0 298.6 433.9
10 Sharma‘® Quad. 267.0 298.5 433.9
Cubic 267.0 296.7 410.6
Present (Cubic) 267.2 295.6 407.2
Experiment® 317.0 337.0 o
Linear 323.3 345.5 438.2
11 Sharma'® Quad. 323.3 3454 438.1
Cubic 323.3 ) 344.6 424.3
Present (Cubic) 3234 343.2 420.4
Experiment'® 374.0 393.0 and 396.0 —
Linear 385.1 402.2 467.4
12 Sharma® Quad. 385.1 402.0 467.2
Cubic 385.1 401.7 459.1
Present (Cubic) 385.2 : 400.1 454.7
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Table 5 Comparison of natural frequencies of case [I with other works
Circumf. wave no. Axial wave number
n Results m=1 m=2 m=3
Experiment® o - -
Linear 547.6 2960.5 6973.1
2 Sharma*® Quad. 547.6 2954.1 6926.7
Cubic 445.0 1592.3 2148.0
Present (Cubic) 445.1 1516.6 2080.2
Experiment® 201.8 and 206.2 — -
Linear 264.7 1592.9 4214.8
3 Sharma‘® Quad. 264.7 1592.6 4211.3
Cubic 2375 1065.3 1732.3
Present (Cubic) 236.8 1018.3 1647.9
Experiment‘® 131.7 - .
Linear 155.9 944.8 2589.6
4 Sharma®® Quad. 155.9 944.8 2589.4
Cubic 146.5 726.8 1362.2
Present (Cubic) 145.8 7014 1290.2
FRLSTEBABX A 64U, 15, 199653



Experiment®

100.8 429.1 —

Linear 111.2 619.2 1711.6

5 Sharma® Quad. 111.2 619.2 1711.6

Cubic 107.5 517.0 1068.6

Present (Cubic) 106.9 503.4 1015.4
Experiment® 96.9 326.3 and 334.4 -

Linear 101.4 440.3 1208.4

6 Sharma® Quad. 101.4 440.3 1208.4

Cubic 99.9 387.1 847.6

Present (Cubic) 9.2 3794 810.5
Experiment® 113.0 9735 _

Linear 113.6 3385 900.7

7 Sharma® Quad. 113.6 338.5 900.8

Cubic 113.1 309.0 685.9

Present (Cubic) 112.1 303.9 660.3
Experiment® 140.4 247 4 N

Linear 138.7 284.8 704.7

8 Sharma*® Quad. 138.7 284.8 704.7

Cubic 138.5 284.8 571.0

Present (Cubic) 137.3 264.2 552.6
Experiment® 174.3 2442 _

Linear 171.7 265.5 579.1

9 Sharma® Quad. 171.7 265.5 579.1

Cubic 171.6 256.1 493.6

Present (Cubic) 170.0 252.4 479.6
Experiment® 214.6 2615 .

Linear 210.4 271.7 502.9

10 Sharma® Quad. 210.3 271.6 502.9

Cubic 210.3 266.5 447.7

Present (Cubic) 208.3 262.3 436.0
Experiment® 958.4 292 1 .

Linear 253.9 295.9 464.1

11 Sharma® Quad. 253.8 295.8 464.1

Cubic 253.9 293.0 428.8

Present (Cubic) 251.4 288.4 4179
Experiment® 307.6 335.2 i

Linear 302.0 332.7 454.9

12 Sharma®® Quad. 301.9 3325 454.8

Cubic 301.9 331.0 432.6

Present (Cubic) 299.0 325.8 421.7
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