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Abstract

The finite element method(FEM) has been developed and applied for dynamic
analysis on structures. In these days, it is a very common method for not only a
simple vibration analysis but also the optimization of structures.

However, when we apply that method for the complicated and the huge
structures, we should increase the number of elements to get more accurate
results. Furthermore, it causes the increase of the degree of freedom and the
limitation of calculating time and memory capacity of computer.

So, many researchers have challenged to find more improved modeling
techniques and calculation methods to overcome those hurdles.

The Guyan's reduction method and the substructure synthesis method are
typical examples of such methods. Of the substructure synthesis method, the
component mode synthesis method(CMS) is widely used for dynamic analysis of
structure.

However, as order of natural frequency becomes higher, it causes errors because
it implies the Guyan's static reduction and the number of modes taken from each
component is deficient.

In this thesis, the substructure synthesis method using dynamic reduction is
proposed to obtain accurate results in high order natural frequency range.

Computer simulation of the proposed method, FEM, and the component mode
synthesis method(CM S) have been carried out on a rectangular plate to prove the

availability of the proposed method.



T he results are as follows :

1. The analytical results of the substructure synthesis method using dynamic
reduction coincide with those of FEM, and the availability of the proposed

method has been verified.

2. The proposed method can overcome the error occurrence which were caused
by the defects of the component mode synthesis method using Guyan's static

reduction.
3. The natural frequency of the specific frequency range can be obtained

without errors. So, it is expected that the proposed method could be applied

to the analysis in high frequency range like noise problem.
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2.2 Guyan (Guyan's static reduction method)
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3.2
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Table 4-1 Natural frequencies of Component Mode Synthesis method analysis
(No. of natural freq. : 1 35)

(Unit : Hz)
Degree| 10mode| 15mode| 20mode | 25mode| 30mode| 70mode| FEM

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.03 0.03 0.03 0.03 0.03 0.03 0.00
3 0.16 0.16 0.16 0.16 0.16 0.16 0.00
4 0.16 0.16 0.16 0.16 0.16 0.16 0.00
5 0.16 0.16 0.16 0.16 0.16 0.16 0.00
6 0.16 0.16 0.16 0.16 0.16 0.16 0.00
7 6.18 6.18 6.18 6.18 6.18 6.18 6.20
8 15.06 15.06 15.06f 15.06 15.06/ 15.06 15.10Q
9 17.15 17.15 17.15 17.15 17.15 17.15 17.10
10 31.26 31.22 31.22 31.22 31.22 31.22 31.20
11 42.32 33.81] 33.80 33.80 33.80 33.80 33.80
12 60.10 49.54 49.49 49.49 49.49 49.49 49.50
13 60.14 56.32 56.11 56.11 56.10 56.09 56.10
14 7786 70.78 70.78 70.78 70.78 70.78  70.80
15 120.69 84.73 83.900 83.83 83.83 83.79 83.80
16 12161 98.36 95.900 95.89 95.89 95.88 95.90
17 131.13 103.40 103.30] 103.27 103.27 103.24 103.20
18 144.09 116.87 106.19) 106.12 106.12 106.11 106.10
19 147.55 124.25 119.42] 119.39 119.32 119.28 119.30
20 174.85 125.53 120.87] 120.84 120.84 120.82 120.80
21 177.12) 131.13 125.53 125.49 125.48 125.45 125.40
22 186.02 160.01 141.82] 141.79 141.78 141.78 141.80
23 201.27) 178.93 158.15 158.03 158.03 157.77, 157.80
24 201.87) 185.820 159.97] 159.95 159.94 159.94 159.90
25 207.05 200.17 168.61 168.53 168.53 168.49 168.50
26 250.06) 218.24 198.24) 197.52 197.52 197.50 197.50
27 250.18 240.24 200.17, 200.02 200.01 199.63 199.60
28 260.23 253.26) 206.84] 206.03 205.58 205.01 205.00
29 296.43 255.49 234.24) 233.74 233.74 233.65 233.60
30 297.58 291.13 245.28 244.92 244.88 244.45 244.50
31 298.23 294.09 255.66] 255.65 255.60 255.33 255.30
32 315.10 304.920 291.13 273.74 273.48 273.42 273.40
33 327.44 306.33 296.88 282.99 282.87 282.74 282.70
34 335.64 312.58 299.29 287.92 287.86 287.46 287.50
35 367.78 319.44 304.92] 294.34 293.74 293.63 293.60
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Table 4-2 Natural frequencies of Component Mode Synthesis method analysis
(No. of natural freq. : 36 70)

(Unit : Hz)
Degree| 10mode| 15mode| 20mode | 25mode| 30mode| 70mode| FEM

36 368.10 361.59 312.99 304.00 303.08 302.93 302.90
37 374.56) 368.07 318.30, 312.55 312.49 312.08 312.10
38 378.28 368.30 353.80 317.56 317.52 317.48 317.50
39 399.89 374.56 368.07] 321.95 318.42 318.42 318.40
40 401.52) 375.90 368.20 345.11 345.100 345.09 345.10
41 414.30 401.06 375.11 353.80 353.36/ 352.95 352.90
42 427.48 414.29 41199 367.86 366.14] 366.03 366.00
43 428.45 421.57 414.29 375.04 375.03] 374.45 374.40
44 438.02) 426.99 420.04) 394.41 377.84 377.71 377.70
45 444 .86) 428.37 426.90 415.02 411.03] 410.77) 410.80
46 454.08 443.47 428.37) 419.92 419.29] 418.73 418.70
47 546.820 464.98 441.89 434.38 419.55 419.15 419.20
48 547.47 484.07 479.50 441.87 441.84 441.74 441.70
49 564.66) 512.66] 481.48 472.60 472.57 456.59 456.60
50 567.43 533.50 512.24 477.18 477.09 476.77 476.80
51 567.43 548.30 536.50 483.18 483.08 481.61 481.60
52 586.83 548.35 547.13 504.81 504.29 504.08 504.10
53 605.060 550.120 550.12 512.14 512.14 511.90 511.90
54 605.33 567.43 551.41 535.56 535.35 534.82 534.80
55 610.31 567.50 567.33 542.89 539.54 538.95 538.90
56 612.84 605.060 567.50 547.11 542.22 540.65 540.60
57 632.87 605.80 582.80, 550.54 550.53 550.22 550.20
58 633.38 615.65 605.68 565.49 552.35 550.60 550.60
59 643.71 632.73 605.71 582.76 569.07 555.78 555.80
60 644.40 633.17 606.88 593.31 583.17 565.07 565.10
61 656.92 638.94 616.16) 605.38 590.62 582.68 582.70
62 657.34 642.43 633.17, 606.29 592.56 588.17, 588.20
63 657.38 657.34 633.88 617.62 606.16 604.68 604.70
64 661.76) 657.37 638.98 634.36 611.98 611.65 611.60
65 677.23 670.00 657.41 640.75 617.62 616.91 616.90
66 686.94 671.72 657.45 641.76 627.35 617.19 617.20
67 688.29 680.84 670.00 657.29 638.89 637.77 637.80
68 784.03 773.28 672.69 670.13 663.26 649.99 650.00
69 784.09 781.77 751.94 672.68 670.12 668.82 668.80
70 825.93 783.97 779.08 693.08 672.41 671.47 671.40
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Table 4-3 Error rate of Component Mode Synthesis method analysis
(No. of natural freq. : 1 35)

(Unit_: %)

Degree | 10mode | 15mode | 20mode | 25mode | 30mode | 70mode
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0.32 0.32 0.32 0.32 0.32 0.32
8 0.26 0.26 0.26 0.26 0.26 0.26
9 0.29 0.29 0.29 0.29 0.29 0.29
10 0.19 0.06 0.06 0.06 0.06 0.06
11 25.21 0.03 0.00 0.00 0.00 0.00
12 21.41 0.08 0.02 0.02 0.02 0.02
13 7.20 0.39 0.02 0.02 0.00 0.02
14 9.97 0.03 0.03 0.03 0.03 0.03
15 44.02 1.11 0.12 0.04 0.04 0.01
16 26.81 2.57 0.00 0.01 0.01 0.02
17 27.06 0.19 0.10 0.07 0.07 0.04
18 35.81 10.15 0.08 0.02 0.02 0.01
19 23.68 4.15 0.10 0.08 0.02 0.02
20 44 .74 3.92 0.06 0.03 0.03 0.02
21 41.24 4.57 0.10 0.07 0.06 0.04
22 31.18 12.84 0.01 0.01 0.01 0.01
23 27.55 13.39 0.22 0.15 0.15 0.02
24 26.25 16.21 0.04 0.03 0.03 0.03
25 22.88 18.80 0.07 0.02 0.02 0.01
26 26.61 10.50 0.37 0.01 0.01 0.00
27 25.34 20.36 0.29 0.21 0.21 0.02
28 26.94 23.54 0.90 0.50 0.28 0.00
29 26.90 9.37 0.27 0.06 0.06 0.02
30 21.71 19.07 0.32 0.17 0.16 0.02
31 16.82 15.19 0.14 0.14 0.12 0.01
32 15.25 11.53 6.49 0.12 0.03 0.01
33 15.83 8.36 5.02 0.10 0.06 0.01
34 16.74 8.72 4.10 0.15 0.13 0.01
35 25.27 8.80 3.86 0.25 0.05 0.01
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Table 4-4 Error rate of Component Mode Synthesis method analysis
(No. of natural freq. : 36 70)

(Unit : %)

Degree | 10mode | 15mode | 20mode | 25mode | 30mode | 70mode
36 21.53 19.38 3.33 0.36 0.06 0.01
37 20.01 17.93 1.99 0.14 0.12 0.01
38 19.14 16.00 11.43 0.02 0.01 0.01
39 25.59 17.64 15.60 1.11 0.01 0.01
40 16.35 8.92 6.69 0.00 0.00 0.00
41 17.40 13.65 6.29 0.26 0.13 0.01
42 16.80 13.19 12.57 0.51 0.04 0.01
43 14.44 12.60 10.65 0.17 0.17 0.01
44 15.97 13.05 11.21 4.42 0.04 0.00
45 8.29 4.28 3.92 1.03 0.06 0.01
46 8.45 5.92 2.31 0.29 0.14 0.01
47 30.44 10.92 5.41 3.62 0.08 0.01
48 23.95 9.59 8.56 0.04 0.03 0.01
49 23.67 12.28 5.45 3.50 3.50 0.00
50 19.01 11.89 7.43 0.08 0.06 0.01
51 17.82 13.85 11.40 0.33 0.31 0.00
52 16.41 8.78 8.54 0.14 0.04 0.00
53 18.20 7.47 7.47 0.05 0.05 0.00
54 13.19 6.10 3.11 0.14 0.10 0.00
55 13.25 5.31 5.28 0.74 0.12 0.01
56 13.36 11.92 4.98 1.20 0.30 0.01
57 15.03 10.11 5.93 0.06 0.06 0.00
58 15.03 11.81 10.00 2.70 0.32 0.00
59 15.82 13.84 8.98 4.85 2.39 0.00
60 14.03 12.05 7.39 4.99 3.20 0.01
61 12.74 9.65 5.74 3.89 1.36 0.00
62 11.75 9.22 7.65 3.08 0.74 0.01
63 8.71 8.71 4.83 2.14 0.24 0.00
64 8.20 7.48 4.48 3.72 0.06 0.01
65 9.78 8.61 6.57 3.87 0.12 0.00
66 11.30 8.83 6.52 3.98 1.64 0.00
67 7.92 6.75 5.05 3.06 0.17 0.00
68 20.62 18.97 3.49 3.10 2.04 0.00
69 17.24 16.89 12.43 0.58 0.20 0.00
70 23.02 16.77 16.04 3.23 0.15 0.01
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Table 4-5 Results of CMS, DRSSM & FEM

(Unit : Hz)
Degree| CMS DRSSM | FEM Degree| CMS | DRSSM| FEM
1 0.000 0.000 0.000 36 312.990 302.929 302.900
2 0.030 0.000 0.000 37 318.300 312.080 312.100
3 0.160 0.000 0.000 38 353.800 317.478 317.500
4 0.160 0.000 0.000 39 368.070 318.415 318.400
5 0.160 0.000 0.000 40 368.200 345.087 345.100
6 0.160 0.026/ 0.000 41 375.110 352.943 352.900
7 6.180 6.182 6.200 42 411.990 366.024 366.000
8 15.060 15.062 15.100 43 414.290 374.447 374.400
9 17.150 17.148 17.100 44 420.040 377.711 377.700
10 31.220 31.224 31.200 45 426.900 410.775 410.800
11 33.800 33.801 33.800 46 428.370 418.734 418.700
12 49.490 49.493 49.500 47 441.890 419.153 419.200
13 56.110 56.091 56.100 48 479.500 441.727 441.700
14 70.780 70.776/ 70.800 49 481.480 456.589 456.600
15 83.900 83.789 83.800 50 512.240 476.767 476.800
16 95.900 95.877 95.900 51 536.500 481.575 481.600
17 103.300 103.242 103.200 52 547.130 504.080 504.100
18 106.190 106.109 106.100 53 550.120 511.905 511.900
19 119.420 119.281 119.300 54 551.410 534.820 534.800
20 120.870 120.818 120.800 55 567.330 538.945 538.900
21 125.530 125.447 125.400 56 567.500 540.668 540.600
22 141.820 141.777 141.800 57 582.800 550.223 550.200
23 158.150 157.767 157.800 58 605.680 550.705 550.600
24 159.970 159.943 159.900 59 605.710 555.781 555.800
25 168.610 168.485 168.500 60 606.880 565.071 565.100
26 198.240 197.497 197.500 61 616.160 582.664 582.700
27 200.170 199.629 199.600 62 633.170 588.171 588.200
28 206.840 205.012 205.000 63 633.880 604.678 604.700
29 234.240 233.648 233.600 64 638.980 611.649 611.600
30 245.280 244.453 244.500 65 657.410 616.905 616.900
31 255.660 255.329 255.300 66 657.450 617.188 617.200
32 291.130 273.416 273.400 67 670.000 637.772 637.800
33 296.880 282.739 282.700 68 672.690 649.994 650.000
34 299.290 287.463 287.500 69 751.940 668.822 668.800
35 304.920 293.629 293.600 70 779.080 671.359 671.400
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Table 4-6 Error rate of CMS & DRSSM

(Unit_: %)
Degree CMS DRSSM Degree CMS DRSSM
1 0.00 0.00 36 3.33 0.01
2 0.00 0.00 37 1.99 0.01
3 0.00 0.00 38 11.43 0.01
4 0.00 0.00 39 15.60 0.00
5 0.00 0.00 40 6.69 0.00
6 0.00 0.00 41 6.29 0.01
7 0.32 0.29 42 12.57 0.01
8 0.26 0.25 43 10.65 0.01
9 0.29 0.28 44 11.21 0.00
10 0.06 0.08 45 3.92 0.01
11 0.00 0.00 46 2.31 0.01
12 0.02 0.01 47 5.41 0.01
13 0.02 0.02 48 8.56 0.01
14 0.03 0.03 49 5.45 0.00
15 0.12 0.01 50 7.43 0.01
16 0.00 0.02 51 11.40 0.01
17 0.10 0.04 52 8.54 0.00
18 0.08 0.01 53 7.47 0.00
19 0.10 0.02 54 3.11 0.00
20 0.06 0.01 55 5.28 0.01
21 0.10 0.04 56 4.98 0.01
22 0.01 0.02 57 5.93 0.00
23 0.22 0.02 58 10.00 0.02
24 0.04 0.03 59 8.98 0.00
25 0.07 0.01 60 7.39 0.01
26 0.37 0.00 61 5.74 0.01
27 0.29 0.01 62 7.65 0.00
28 0.90 0.01 63 4.83 0.00
29 0.27 0.02 64 4.48 0.01
30 0.32 0.02 65 6.57 0.00
31 0.14 0.01 66 6.52 0.00
32 6.49 0.01 67 5.05 0.00
33 5.02 0.01 68 3.49 0.00
34 4.10 0.01 69 12.43 0.00
35 3.86 0.01 70 16.04 0.01
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