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Abstract

This study intends to reduce the weight of structure without changing the dynamic
characteristics.

At first, the Vibration analyses by the Substructure Synthesis Method and FEM using the
ANSYS are performed for the engine speed converter to confirm the reliability of the analyzing
tools. Weight minimization is performed by the Sensitivity Analysis and the Optimum Structural
Modification.

To decrease the converter weight ideally, the parts with low sensitivity are to be cut mainly, and
the changing quantity of the natural frequency by the cut is to be recovered by the weight
modification of the parts with high sensitivity.

As the unique mathematical solution for the homogeneous problem(i.e. 0 object function
problem) does not exist, the converter is redesigned with much thinner initial thickness. The goal
of this study is to recover the dynamic characteristics of redesigned structure to those of the
original one. To say in the other words, the modified structure has the same dynamic
characteristics and the more lighter weight to compare with the original one.
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In this analysis, the modification was performed with the redesigned initial thickness of 60 mm

and 70 mm. And the numbers of the interesting natural frequencies are 1, 2, 4 respectively.

Consequently 27% of weight reduction effects are earned.
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Fig. 1 The Converter model
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791.63Hz 926.99 Hz

Fig. 2 Natural modes of converter.
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Fig. 4 Comparison with the FRF by ANSYS and
CMS
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Teble 1. The natural frequencies before modifica-
tion for various initial thickness
(Hz)

ord.
thick
84mm | 366.16 | 582.64 [791.63 | 877.07 | 926.99 | 1035.52
70mm { 353.13 [ 571.70 (774.11{ 854.64 1 917.80 | 1023.96
60mm | 345.15 | 562.25 |763.71{ 829.97 | 888.83 | 959.38

1 2 3 4 5 6

Table 2. Coincidence of natursal frequencies for
various imitial thickness and numbers of
natursl frequency used for modification

(Hz)
or- | org. initial thick 60mm initial thick 70mm

der | 84mm 1 2 4 1 2 4
1 [366.16 36597 136613

2 |582.64

3 |791.63 | 775.14 | 787.15 [190.14 | 780.78 | 790.64
4 |877.07 | 859.57 | 866.28 [876.13 | 862.0 |874.94
5

6

581.96

926.99 | 921.20 | 923.96 |926.52 | 925.73 | 925.87
1035.52 [1035.57|1047.10 {1035.33] 1044.17|1041.76 } 10
itr. | — 14 26 35 15 17
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Table 3. Reduction of weights after modification

12000
for various initial thickness (kgh é
initial thick. initial thick. oty
weight | °® 60mm 70mm {00E+S
84mm
1 2 4 1 2 4 1
= 1MEG o
modified | 780.6 | 557.6 | 557.6 | 557.6 | 557.6 | 557.6 | 557.6 “:'f,, E
E ]
aft. mod.| — 571.7 | 675.8 | 682.3 | 660.1 | 7134 | 718.7 3z e
c 3
weigh. | — [208.9|1048 | 983 | 1205 | 67.2 | 619 3 E
dec. (%) (26.8) (13.4) | (12.6) | (15.4) | (8.6) | (1.9) £ e .
original {1941.011941.0 (1941.0 1941.0 | 1941.0|1941.0|1941.0 ;
total |2721.6|2512.72616.7 {2623.3 | 2601.1 | 2654.4 {2659.7 1008 T T T 1 T T °
(%) (=) |(7.68) | (3.85) | (3.61) | (4.43) | (2.47) | (2.2T) 20000 40000 600,00 80000 00000 120000
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Fig. 8 FRF in case of 2 natural frequencies fitted
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Fig. 5 FRF in case of 1 natural frequency fitted
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Fig. 7 FRF in case of 4 natural frequencies fitted
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fitting 4 natural frequencies at initial 70mm
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