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A Study on Optimum Structural Modification
of the L-Type Structurec by Shapc Changes

Chang-Geun Oh , Sok-Chu Park

Abstract

The structural analysis methods have remarkably been developed with rapid
progress of digital computer. The finite clement method and the sub-structure
synthesis method which can quite precisely analyze the dynamic problems of
structures, arce typical examples of such methods. But such methods can't
provide optimal structural design techniques for engineers.  Therefore,  the
sensitivity method is appeared to improve this aspects, where the sensitivity 1s
defined as the differentials of design variables for the objective values. The
change quantitics of the positions to be modified are obtained by the optimum
structural modification method using the sensitivities.

In this study, the optimum structural modification of the L-type structure
by shape changes is suggested. The vibration characteristics  of L-type
structure  arc analyzed by the sub-structure synthesis method and  the
coordinate sensitivities of cach sub-structure are calculated and the change

quantitics of the position to be modificd are calculated by using that
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sensitivities.

The results obtained are as f[ollow :

1. The sensitivities of the natural frequency can casily be calculated by the

sensitivity method.

2. The change quantitics of the position to be modified can exactly  bhe

calculated by the optimum structural modification method.

3. The structure is modified without changing the original natural modes.
Therefore, it can  overcome  that  another  vibration  problems  after

structural modification.
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Fig. 3.1 Dimension of the L-type Structure Fig. 3.2 Modeling of the Structure of 2 components
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Table 3.1 The sensitivity and change quantities
in the case of the horizontal plate modification

_ 1st calculation 2nd caleulation Total
No. t G AR
comp. N.P. xemluvxty AY () sensitivity AY (mm) change;.(mm)
(Hz/mm) (Hz/mm) (4th iter.)
41 ~0.2792E-01 13.61 | -0.1268E-01 -0.81 12.66
42 -0.5937E-01 2894 | -0.3928E-01 -2.50 25.05
1 43 -0.6186E-01 30.16 | -0.1040E-00 -6.62 2341
44 -0.6055E-01 2951 | -0.5236E-01 -3.35 25.15
45 -0.2957E-01 1441 0.2474E-01 1.56 16.21
Natural freq. 78.81(Hz) 79.78(Hz) 79.98(Hz)

Table 3.2 The sensitivity and change quantities
in the case of the vertical plate modification

1st calculation 2nd calculation Total
No. . o
comp. N.P. | sensitivity AY (mm) sensitivity AY(mm) cllange§(mm)
(Hz/mm) (Hz/mm) (4th iter.)
7 -0.1638E-01 2342 | -0.2289E-01 3.64 28.96
14 -0.3591E-01 51.32 | -0.5161E-01 9.00 64.34
2 21 -0.3764E-01 53.80 | -0.6268E-01 9.96 66.61
28 -0.3275E-01 46.81 | -0.3628E-01 5.77 54.60
35 -0.1653E-01 23.66 | -0.1237E-01 1.97 26.51
Natural freq. | 81.71(Hz) 80.64(Hz) 80.27(Hz) |
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Table 3.3 The sensitivity and change guantitics
in the case of the both plate modification

N ‘ st C;\l(‘\ﬂ:\ti()ﬂ : “nd (‘le(‘l'll:lti()ﬂ : Total
({)1;;) 1 NP sensitivity ! Ay () sensitivity VY mm) (‘lu}ngcwﬂln)

C C dzmm) i (Hzmm) 7 © (Bth ier.)

Lo —0.2793E-01 1104 . ~01371E-01 . -112 ‘ 1077

oo =0.5037E-01 2538 -0.1017E-01 -3.27 2176

1 ‘ 13 S06IRGE-0L T 2610 -(1.1020L-00 -8.33 17.86

1 —0.6051E-01 o380 ~05011E-01 - LOR 21.25

o -0.2057E-01 1261, 021628-01 ¢ 200 1175

7 ~().16381-01 7.00 -0.120612-01 -1.02 5.0

1l O3763E-01 1535 -03117E-0 -25h 12.68

2 91 1 -0.35911-01 1 1609 S03230E-01 1 263 13.35

COO8 | -03273E-01 100 CL02031E-01 -0 11.50

RS -0.1602E-01 307 -0.LHHIE-OL LT 5.81
Natural [req. 78R 1) '_ TU01 ®0.01(H2)

20N

el
VAV AN

K
oo
]

Y

A

61470 Hz

0249 1z

153.37 1z 20019 Hz

(Group 1) (Group 2

Fig. 3.4 Natural modes after horizontal plate modification
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Fig. 3.5 Natural modes after vertical plalte modification
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Table 34 The change of natural frequency by structure modification

Modr. Hort. Modi. Vert Modi. Both

; . i - iging )

(Group  Order |- Original (H2) 5 gy Plate (112) Plate (112)

P 9371 2150 91.50 D37

1 2 93,13 9219 R2.35 90.00

| 3 157.33 : 153.37 _ 123,16 145.71

: R 67.50 ‘ 61,70 63,02 f G157

2 2 8727 z 70.08 : 8027 : 80.01

! 21122 ‘ 200,10 20805 201.33

Fig 3.7 Comparision of the original and modified compliance

{(Both plate modification)

Fig. 3.8 The shape of plates after modification
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Table 3.4 The change of natural frequency by structure modification
o Modi. Hori. | Modi. Verti | Modi. Both
Group | Order | Original (Hz) | 5/ (111 Plate (Hz) Plate (Hz)
1 25.71 2450 21.50 23.72
1 2 93.43 92.49 82.35 90.00
3 157.33 153.37 123.16 14574
1 67.50 64.70 65.02 64.57
2 2 87.27 79.98 80.27 80.01
3 ] enz 200.49 20805 | 20133 |
— - S g 180 1 -
I a U il
L. . N E & —182 Y NS il ]
_—i—' u;\\gm:;m' o B
S- oMod, Verti =2
-+ Med. Both

6o 125
Frequency (Hz)
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R e

50 5 100 120

Frequency (Hz)

Fig 3.7 Comparision of the original and modified compliance

(only horizontal plate modification)
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Fig. 3.8 The shape of plates after modification
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