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A Study on the Vibration Minimization Techniques for the Open Box Type Structure
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ABSTRACT

The Finite Element Method (FEM) generally used for the structural analysis has some defects, i.
e. a great deal of computational time and huge memory capacity of computer are needed in the
application to large and/or complex structures, etc. Therefore the Component Mode Synthesis
method(CMS), one of sub-structure synthesis methods, was made to improve such demerits and has
been developed up to now. In optimum structural modification problems, the sensitivity analysis
method is useful, where the sensitivity-calculated by Fox’s suggestion-is defined as the diffentials of
design variables for the objective values. This paper discusses the vibration minimization techniques for
the open box type structure, in which it is assumed that an engine operates at 10~40Hz range. The
results obtained are as follow ; (1) The sensitivity of natural frequency could be easily obtained by
sensitivity analysis method and the optimum position to insert pillars could be found by using it. (2) The
rates of structual modification could be exactly obtained and the natural frequency observed could be
easily shifted to the objective value. (3) The maximum amplitude around natural frequency noted could
be nearly reduced to 1/25 by modification.
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Dimension of the open box type structure
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Fig. 2 Modeling of the open box type structure with 4
components
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Table 1 Sensitivities of each spring

Comp.-nodal point
< — > comp.-nodal point

Sensitivities

1- 6<-->3-6
1- 7<-->3-7
1- 8<-->3-8
1-9<-->3-9
1-10 <--> 3-10
1-11 <--> 3-11
1-12 <--> 3-12
1-13 <--> 3-13
1-14 <-—-> 3-14
1-15 <—-> 3-15
1-16 <--> 3-16
1-17 <--> 3-17
1-18 <--> 3-18
1-19 <--> 3-19
1-20 <--> 3-20
1-21 <-->3-21

0.19801D+00
0.18631D+00
0.18216D+00
0.18631D+00
0.19801D +00
0.76062D + 00
0.68058D+ 00
0.65538D + 00
0.68058D+ 00
0.76062D+00
0.13909D+01
0.12459D+01
0.12027D+01
0.12459D+01
0.13909D +01
0.16658D +01

1-22 <-->3-22
1-23 <-->3-23
1-24 <--> 3-24
1-25 <-->3-25

0.14919D+01
0.14409D+01
0.14918D+01
0.16658D+ 01

1-26 <--> 3-26
1-27 <--> 3-27
1-28 <--> 3-28
1-29 <--> 3-29
1-30 <--> 3-30
1-31 <--> 3-31
1-32 <--> 3-32
1-33 <--> 3-33
1-34 <--> 3-34
1-35 <--> 3-35
1-36 <--> 3-36
1-37 <--> 3-37
1-38 <--> 3-38
1-39 <--> 3-39
1-40 <--> 3-40

0.13896D+01
0.12452D+01
0.12022D+01
0.12452D+01
0.13896D+01
0.75893D + 00
0.67985D+00
0.65496D+ 00
0.67985D+00
0.75893D+ 00
0.19706D+ 00
0.17450D+ 00
0.16657D+ 00
0.17450D+00
0.19706D+ 00

Phase

Compliance in log (mm/N)
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Table 2 Change of the natural frequency and spring
constants by modification

origin 6bject start | 1st 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(%) 0.18 0.0

* Spring constant of the pillar to insert between comp.
1 and comp. 3
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Fig. 5 Comparision of original and modified compli-
ance(1/2)
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Fig. 7 Group 1 natural modes with the node at the
edges of pillars
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Fig. 8 Group 2 natural modes with the same phase at
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Table 3 Change of the natural frequency by structural

978 Hz 99.5 Hz

(Before modification) (After mocification)

Fig. 9 Group 3 natural modes with the opposite phase
at the edges of pillars
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