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VIBRATION OF ANNULAR SECTOR THICK PLATES BY USING THE SPLINE LAYER METHOD

KIBEIE", HpRHA
Tomisaku MIZUSAWA and Hiroaki TANAKA

* L8 KR TLEREHS
% % KEILERS

THEHBRTER (T457 L4EFEBTREEBKET4 0F#h)
ITHMBRTEN (T457 ATBRTEXAKI4 0FEH)

This paper presents application of the spline layer method which is a semi-analytical

model based on the three-dimensional elasticity theory to analyse vibration of thick,

annular sector plates.

To demonstrate the convergence and accuracy of the present method, several -examples

are solved , and the results

methods. Stable convergence

spline layer models. The

effects of thickness ratio, sector angle ,

are compared with those obtained by other numerical -

and good accuracy are obtained using the higher-order

radii ratio on

the frequencies of annular sector plates are investigated
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Table 1. Convergence study of frequency parameters, n¥=wB’4/ph/D  of
annular sector plate: SS-FF, Ro/Ri=2.0, B/h=10 and ¢=45°

Order of
k-1 Mr matrix Ist 2nd 3rd

4th 5th 6th Tth 8th

5.915  16.54 10.76 37.43 38.24 41.31 42.77 67.96

i %ﬁ 5.905 16.21 10.70 34.99 37.12 41.12 41.47 63.42

2 8 72 5.199 16.12 19.66 34.28 37.09 41.02 41.27 62.08

g G oRE oEw uomE dE 4k o

12 126 5192 16.08 10.62 34.02 37.08 40.92 4118 6167

0 5.902 16.17 19.64 34.87 37.13 40.86 41.16 63.86

i 24 5.190 16.05 19.57 33.99 37.08 40.71 40.97 61.36

3 108 5.186  16.02 19.55 33.83 37.08 40.64 40.92 61.10

8 132 5.185 16.02 19.54 33.79 37.08 40.62 40.91 61.05

10 156 5.184  16.01 19.54 33.78 37.08 40.61 40.90 61.04

12 180 5.184 16.01 19.54 33.77 37.08 40.81 40.90 61.03
I

TPT[12] 5.967 16.68 20.40 36.60 - 44.03 44.23  68.64

SPM=Spline Prism Method, MPT=Mindlin Plate Theory and TPT=Thin Plate Thoery.

Table 2. Comparison study of frequency parameters, n¥=wB?4/ph/D of annular

sector thick plates: Ro/Ri=2.

0, ¢=45°, k-1=3 and ﬁr:12

Modes
Boundary conditions B/h Ist 2nd 3rd 4th 5th 6th
10 5.184 16.01 19.54 83.77 37.08 40.61
SPM[9] 5.184 16,01 19.54 33.77 37.08 -
5 5.021 14.71 17.80 18.54 29.12 34.55
« SPMCO] 5021 1471 17.80 18.54 2011 -
a 2.5 4552 9.269 1176 14.07 18.58 21.09
SPHCO] 4551 0.960 1175 14.05 18.58 -
1.0 3.133 3.716 5.970 7.315 7.683 8.648
SPH[9]  5.133 3.716 5.066 7.315 T.679 -
10 9498 40.77 58.17 67.07 73.45 99.16
SPH[9] 2408 40.76 58.16 67.07 73.44 -
5 91.12 33.76 44.97 50.91 52.65 55.48
. SPHCO) 21 1T 33076 4495 50.91 52.65 -
5-(C 2.5 14.83  23.29 95.46 27.76 29.11 34.33
SPCO] 1481 2327 2545 91Tl 2911 -
1.0 7.969  9.898 11.31 1129 11.82 12.84
SPHC9]  7.339 0.885 10125 1130 1081 -
10 16.60 35.50 43.93 49.81 62.57 63.62
$S-SS 5 1538 24.01 3083 37.21 46.87 48.15
2.5 12,46 1247 22,41 93,44 24.08 96.14
1.0 L9085 7012 8160 0.376 9.817 10.32
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Table 3. Comparison of accuracy of the frequency parameters,n*:a)Bzﬂ/;ﬁ7ﬁ> of
annular sector thin plates: ¢=45°, B/h=100.0, k-1=3 and Mr=12

Modes

Bounary conditions Ro/Ri Ist 2nd 3rd 4th 5th 6th
2.0 26.97 44.74 67.53 76.44 86.69 121.8
SS-CC Kim et al.[12] 26.89 44.71 67.37 76.46 86.62 119.1
4.0 40.26 84.86 94.61 146.6 158.6 170.7
Mizusawa et al.[11] 40.21 84.79 94.64 146.6 158.8 171.0
2.0 17.09 37.72 47.36 69.51 70.81 96.74
SS-SS Kim et al.[12] 17.10  37.75 47.40 69.60 70.90 96.91
4.0 32.09 69.96 83.54 122.6 143.9 156.0
Mizusawa et al.[11] 32.11 70.04 83.66 122.9 144.3 156.4
2.0 5.264 16.67 20.38 36.53 43.97 44.17
SS-FF Kim et al.[12] 5.267 16.68 20.40 36.60 44.03 44.23
4.0 12.26  41.05 45.89 78.23 98.81 102.0
Mizusawa et al.[11] 12.27 41.10 45.96 78.36 99.07 102.3
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Table 4. The effects of sector angle, radii ratio and thickness ratio on the
frequency parameters, n¥=wB?4/ph/D of annular sector thick plates
with the boundray condition of SS-CC: k-1=4 and Mr=12

Modes

¢ Ro/Ri  B/h Ist nd  3rd 4th 5th 6th Tth
30 5.0 10 64.09 107.6 148.4 153.7 173.6 202.6 217.2
5 50.09 77.84 86.82 102.4 105.0 108.4 126.9
2.5 32.39 43.38 47.10 52.97 58.99 59.89 60.88

2.0 10 31.25 64.34 67.07 106.9 119.1 139.4 142.9

5 26.28 48.86 52.65 59.59 TL.37 73.58 75.11
2.5 18.48 29.82 30.84 35.43 44.66 44.89 45.12

1.5 10 24.16  36.53 57.22 58.84 88.16 89.12 99.71

5 20.44 30.47 43.53 49.87 55.69 65.34 66.19

2.5 14.30 21.26 24.91 27.20 27.87 31.25 32.76

45 5.0 10 41.03 78.31 90.18 121.9 133.2 139.7 166.4
5 33.89 59.14 66.66 67.17 83.14 85.70 102.4

2.5 23.13 33.33 37.05 41.24 41.65 50.52 52.62

2.0 10 24.98 40.77 58.17 100.2 101.1 101.7 115.2

5 21.12 33.76 44.27 50.91 52.65 58.28 68.63

2.5 14.83 23.29 25.46 27.76 29.11  34.19 34.93

1.5 10 22.30 27.09 36.53 50.22 55.22 60.10 67.98

5 18.94 22.85 30.47 41.47 42.05 45.67 51.98

2.5 13.19  16.07 20.73 21.26 26.13 27.15 27.76

60 ‘ 5.0 10 31.53 64.09 66.71 104.1 110.1 112.9 141.5
5 26.62 50.09 51.01 56.51 70.70 75.88 77.84

2.5 18.70 28.27 32.35 32.39 35.22 46.25 46.31

2.0 10 23.06 31.25 46.57 56.12 79.13 89.77 99.17

b 19.53  26.28 38.13  42.72 44.91 52.65 55.36

2.5 13.64 18.48 22.45 25.93 26.66 27.71  30.84

1.5 10 21.70  24.16 29.00 36.53 46.60 54.5b3 58.84

5 18.47 20.44 24.41 . 30.47 37.82 38.20 41.54

2.5 12.86 14.30 17.18 18.91 21.26 25.75- 26.06




Table 5. The effects of sector angle, radii ratio and thickness ratio on the
frequency parameters, n¥=wB*4/ph/D of annular sector thick plates
with the boundray condition of SS-FF: k-1=4 and Mr=12

Modes
é Ro/Ri B/h Ist 2nd 3rd 4th 5th 6th Tth
30 5.0 10 28.52 69.05 94.74 109.8 111.9 158.0 160.8
5 25.17 54.78 54.87 T1.56 82.27 86.29 101.4
2.5 18.84 27.40 35.22 42.68 44.61 46.74 50.42
2.0 10 11.44 27.31 40.61 45.79 63.94 72.05 76.25
5 10.77 24.20 31.96 34.53 38.14 50.50 56.86
2.5 9.089 15.98 18.13 24.48 25.23 26.20 30.27
1.5 10 4.901 12.21 18.69 29.99 32.11 32.93 39.19
5 4.761 11.33 16.47 17.10 26.24 27.99 33.48
2.5 4.342 8.232 9.292 13.58 18.05 19.44 20.20
45 5.0 10 13.52 43.23 47.55 76.66 78.81 94.74 97.72
5 12.61 36.53 38.33 39.66 60.72 61.43 170.6]
2:5 10.45 19.16  25.44 27.47 30.22 35.23 38.08
2.0 10 5.184 16.01 19.54 383.77 37.08 40.61 40.90
5 5.021 14.71 17.80 18.54 29.11 34.53 34.79
2.5 4.551 9.269 11.75 14.05 18.58 21.06 21.74
1.5 10 2.116  7.620 8.653 17.07 17.77 18.69 25.65
5 2.085 7.164 8.257 8.533 16.21 17.10 22.90
2.5 1.985 4.266 6.066 7.180 12.33 12.69 12.80
60 5.0 19 7.768 28.52 31.56 57.39 58.33 62.65 69.05
5 7.433 25.17 27.62 28.69 47.08 47.37 50.52
2.5 6.532 14.35 18.84 20.26 23.48 27.40 31.79
2.0 10 2.824 11.42 11.44 23.02 24.44 27.31 29.07
5 2.766 10.62 10.77 11.51 21.70 24.20 25.52
2.5 2.591 5.754 8.748 9.089 14.71 15.98 16.62
L. 10 1121  4.901 5.628 9.872 10.86 12.21 18.69
5 1.109 4.761 4.936 5.317 10.26 11.33 17.10
2.5 1,073 2.468 4.342 4.565  8.232 8.713 9.292
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