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A study on the Optimum Structual Modification of
the Open Box Type Structure

Park Sok - Chu

Abstract

The finite element method (FEM) has been generally used for the structural analysis
and its precision has been verified in the various fields. However, there are some defects
in the direct application of FEM to the large and complex structures because of demand-
ing computation time and huge memory capacity of the computer system. Therefore sub-
structure synthesis method. which analyzes the whole structure by dividing it into sev-
eral substructures. appeared. Among the substructure synthesis methods. the component
mode synthesis method(CMS) is often used to analyze the vibration characteristics of
large and complex structures. It utilizes each reduced set of component modes of each sub-
structure.

This study consists of three parts. 1) discussing the structural dynamic analysis
methods. 2) proposing the optimum structural modification method by sensitive analysis
method and 3) applying it to an experimental structure.

In this study. the CMS is applied to analyze the vibration characteristics of a simple
open box type structure and the optimum structual modification is performed by the sensi-
tive analysis method in order to improve the vibration characteristics in the operating en-

gin frequency limits.
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The results obtained are as follows:

1. The results by the CMS are in good accord with the experimental results.

2. The optimum location to install the pillars can be found by the sensitive analysis
method.

3. The vibration can be minimized by the optimum structural modification method in

the operating engin frequency limits for the open box type structure.
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Table 1 Sensitivities of each spring

A

=
=

o)
A

COMP. - N. POINT SENSITIVITIES
< COMP.-N. POIN X Y 7
1- 6 3- 6 0.39737D - 07 0.61440D - 14 0.19801D +00
1- 7 3-7 0.37182D - 07 0.89085D - 14 0.18631D+00
1- 8 3-8 0.36027D - 07 0.41418D - 11 0.18216D+ 00
1- 9 3-9 0.37182D~ 07 0.15808D - 10 0.18631D + 00
1-10 < 3-10 0.39737D - 07 0.61725D - 14 0.19801D+ 00
1-11 < 3-11 0.39787D - 07 0.69673D - 15 0.76062D + 00
1-12 & 3-12 0.39820D - 07 0.89946D - 15 0.68058D + 00
1-13 < 3-13 0.39842D - 07 0.52273D - 20 0.65538D + 00
1-14 < 3-14 0.39820D - 07 0.89077D.- 15 0.68058D + 00
1-15 < 3-15 0.39787D - 07 0.68908D - 15 0.76062D +00
1-16 < 3-16 0.39808D - 07 0.77556D - 15 0.13909D +01
1-17 « 3-17 0.39815D = 07 0.59631D - 15 0.12459D +01
1-18 < 3-18 0.39822D - 07 0.29513D - 20 0.12027D +01
1-19 < 3-19 0.39815D = 07 0.59102D - 15 0.12459D+01
1-20 < 3-20 0.39808D - 07 0.76952D - 15 0.13909D +01
1-21 « 3-21 0.39815D - 07 0.32673D - 15 0.16658D + 01
1-22 < 3-22 0.39813D - 07 0.22086D - 15 0.14919D +01
1-23 < 3-23 0.39813D - 07 0.12984D - 20 0.14409D +01
1-24 < 3-24 0.39813D - 07 0.21873D - 15 0.14919D+01
1-25 < 3-25 0.39815D - 07 0.32412D - 15 0.16658D +01
1-26 < 3-26 0.39820D - 07 0.17370D - 15 0.13896D +01
1-27 < 3-27 0.39811D - 07 0.14941D - 15 0.12452D +01
1-28 < 3-28 0.39806D - 07 0.31469D - 21 0.12022D +01
1-29 < 3-29 0.39811D - 07 0.14855D - 15 0.12452D+01
1-30 < 3-30 0.39820D - 07 0.17277D - 15 0.13896D +01
1-31 < 3-31 0.39832D - 07 0.37932D - 16 0.75893D + 00
1-32 < 3-32 0.39809D - 07 0.23022D - 20 0.67985D +00
1-33 < 3-33 0.39797D - 07 0.30913D - 24 0.65496D +00
1-33 < 3-34 0.39809D - 07 0.21983D - 20 0.67985D + 00
1-35 < 3-35 0.39823D - 07 0.37918D - 16 0.75893D +00
1-36 < 3-36 0.39850D - 07 0.12117D- 13 0.19706D +00
1-37 < 3-37 0.39810D - 07 0.41925D - 14 0.17450D +00
1-38 < 3-38 0.39788D - 07 0.35543D - 21 0.16657D +00
1-39 < 3-39 0.39810D - 07 0.41876D - 14 0.17450D +00
1-40 < 3-40 0.39850D - 07 0.12108D - 13 0.19706D +00
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Table 2 Change of the natural frequency and spring constants by modification

ORIGIN | OBJECT START Ist CAL | 2nd CAL
NATURAL FREQ. (Hz) 31.4 45.0 43.7 45.0
STIFFNESS | 21-21% 1.000 5.07 5.81
(N/mm) * 25 - 25 % 1.000 5.07 5.81
ERROR(%) 5.07 0.0

* Spring constants of the pillar to insert between comp.1 and comp.2

B Ao A o oA Fald B olgsl =g H ez A A (reanalysis) S FHSA 1
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