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A study on the estimation of an equivalent system of a local vibration system of a
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ABSTRACT

It is very difficult to execute the vibration analysis of a huge structure, which takes
up much time and expense. In this paper we intend to make the equivalent system of
a local vibration system of a huge structure with a view to improving the dynamic
characteristics and reducing time and expense.

First of all, upper deck structure model is maded. And we perform the vibration
analysis by the Substructure Synthesis Method and execute the exciting test for the
upper deck structure model, and observe the coincidences of two results to confirm the
reliability of the analyzing tools used.

To make the equivalent system, we give boundary condition to sub-slructure that
want to be modified and execute the Sensitivity Analysis Method and the Optimum
Structural Modification Method. And we execute the structural modification of the
equivalent system.,

The following can be found from this study.

1. The analytical results are generally coincident with each other.

2. The equivalent system of the superstructure model can be easily obtained using
the sensitivity analysis method and the optimum structrual modification method.

3. The structrual modification using the equivalent system can be obtained good
results above 90% of object value.
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Fig.2 FEM Model of upper deck structure
with 11 sub-structure
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analytic FRF(Gay)

3-2 S7tA L& P

AR -E Fig. 654 gol BEd Ao ofx

ERE K
l62'63: al 9»7]\‘;] A
o HEANLE FANLNE AT F AU
Table 1& &7] $7hA299 fxESsh 57}
SEN-E 3 W RGABFE VB

7] AN BA%TY FIA 2
o ZA#WMEE Vel ok

ada, oA 7 SIMA 29E o) gt :
AETE dd /5T T 10%, 15%F
Al FEREAE AAEEE 2AWSE 64
Aol FAZE dAsla, FRHYE T dojd

AFZELE o83l HATZUNAROR 16~173
HEE A A St A E WAZS fabgeh agam %
ZAA S o8t HFWALE "AFRE
et AEaAE AA GO BN BrtA Aw 9
3 FERUAol HATZE gt FREAS

A 2YEAE SASAT

- = ~
=1 H 2 o

o E’,

+

w_92__



EEERE

SR HAAS

0
-

Fig. 6 The equivalent system model
of upper deck structure

Table 1 The natural freq. before and after modi.
for the equivalent system (Hz)

order .
1st 2nd 3rd 4th 286.6 11z 486.0 11z

before modi. 919 982 | 2866 | 4860 Fig. 7 The natural modes of the initial

after modi. 912 982 3378 5344 equivalent System mode]
Table 2 Comparison of stiffness before and after modification (x10°* N/mm)
stiffness e co .
before modification after modification

node num Kx Kox ky Koy k, Ko, ks Kox ky keoy k. ke,

1, 57 040 | 808 [11.54 136998 | 91.94|131.09] 040 | 808 [ 16.96 | 370.04 | 91.94{ 131.09
2, 58 0.76 1 16.15 | 23.07 |369.98 | 165.75| 122.20] 0.76 | 16.15 | 24.22 | 370.22 | 271.09| 122.20
3, 59 0.80 [ 16.18 | 22.90 | 732.10 | 183.34 | 25847 | 0.80 | 16.18 | 43.20 | 732.10 | 485.87 | 258.47
4, 60 0:76 1 16.20 | 22.72 [ 36211 | 163.04 | 121.68| 0.76 | 16.20 | 53.07 | 364.34 | 564.09 | 121.68
5, 61 0.80 | 16.18 | 22.90 [ 732.10 | 183.34 | 25847 | 0.80 | 16.18 | 44.67 | 734.05 | 468.13 | 258.47
6, 62 0.76 1 16.15 | 23.07 |369.98 | 165.75] 122.20| 0.76 | 0.76 | 25.33 | 372.68 | 249.67 | 122.20

7, 63 040 | 808 | 1154 36998 | 91.94|131.09] 040 [ 8.08 | 16.71 | 370.34 | 92.12] 131.09

1,7 813 | 040 1119 [ 9092 |354.24 12384 813 [ 040 | 1661 | 90.99 | 354.24 | 123.84
8 14 16.13 | 096 12372 | 170.70 | 383.76 { 124.20] 16.13 | 0.76 | 26.28 | 270.42 | 387.88 | 124.20
15,21 |16.00 | 0.82 12506 |191.34 | 826.56] 309.21 | 16.00 | 0.82 | 39.01 | 550.99 | 826.59 | 309.21
22,28 11613 | 0.6 2372 {170.70 | 383.76 | 124.20[ 16.13 | 0.76 | 76.52 | 766.65 | 384.12 | 124.20
29,35 11626 | 080 | 2237 |181.84 | 70848 | 247.68 | 16.26 | 0.80 | 49.36 | 747.89 | 708.48 | 247.68
36, 42 11613 | 0.76 | 23.72 | 170.70 | 383.76 | 124.20 | 16.13 | 0.76 | 75.96 | 762.02 | 384.19| 124.20
43,49 1600 | 082 | 2506 [191.34 | 826.56| 30921 | 16.00 | 0.82 | 38,61 | 544.21 | 826.59 | 309.21
50, 56 | 16.13 ) 0.76 12372 | 170.70 | 383.76) 124.20116.13 | 0.76 | 26.05 | 267.19 | 387.66 | 124.20
57, 63 813 ] 0401119 | 9092 | 354.24] 12384 | 813 | 040 {1640 | 90.99 | 354.24| 123.84
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Table 3 Comparison of the natural freq. after
modification for each case

order | initial after modification
-15% | -10% | +109% | +15%
1st | 931 | 913 | 919 | 943 | 9.1
2nd | 1003 | 100.2 | 1002 | 1003 | 100.4
3rd | 3145 | 3145 | 3144
4th | 3227 | 3145 | 3147 | 3225 | 3224
5th | 337.8 | 322.8 | 3228 '
6th | 3958 | 3817 | 3845 | 417.2 | 4263
Tth | 4305 | 429.8 | 430.0 | 432.0 | 4381
8th | 5090 | 5005 | 508.1 | 509.4 | 5096
iteration| - 16 17 17 16

ANFAY §7HA 423

o g o &¥ HATZEAY

Table 4 Comparison of the modification rate
after modification for each case

Object value(Hz) after modi. | modi. rate
287.1 (15% reduction) 297.4 96.5(%)
304.0 (10% feduction) 3125 97.3(%)
371.6 (10% increase) 352.2 94.8(%)
388.5 (15% increase) 356.1 91.7(%)
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