Key Words : natural frequency( 7

St=A ST SBEE 2006H FASsHEE=EE KSNVEOB6A-23-02

WA Feknr 7159 54 R

Dynamic Stability Regions of Columns with Constant Volume
and Both Clamped Ends
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ABSTRACT

This paper deals with the dynamic stability analyses of columns with constant volume and both clamped ends.
Numerical methods are developed for solving natural frequencies of such column, subjected to an axial compressive
load. Differential equation governing free vibration of such column is derived. The numerical methods developed
herein for computing natural frequencies are found to he efficient and robust. From the numerical results, the

dynamic stability regions of such columns are obtained.
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Fig. 1 Object column and its variables
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Fig. 2 Typical mode shape
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Parabolic taper, p=0
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Fig. 3 a versus () curves by k
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Table 1. Stability region and (e _,,C. ) by load step

opt? oyf
« Regular triangular cross-section(k = 3)

Stability region Optimal shape
P e | ann@ | ay, Co
0.0 0.000 - 2.516 7.362
0.5 0.129 - 1.690 6.726
1.0 0.206 3.970 1.435 6.142
1.5 0.280 3.157 1.292 5.540
2.0 0.358 2.608 1.198 4.889
2.5 0.441 2.183 1.131 4.150
3.0 0.556 1.814 1.082 3.257
3.5 0.721 1.442 1.046 2.000
3.7 0.841 1.249 1.033 1.163
3.802 1.028 1.028 1.028 0.000
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« Circular cross—section(k = c0)
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Stabihty region

Optimal shape

b Cin ) | @y (D) @ Cop
0.0 0.000 - 2.516 6.695
0.5 0.147 - 1.620 6.005
1.0 0.238 3.681 1.367 5.360
15 0.329 2.793 1.229 4.674
2.0 0.431 2.247 1.141 3.891
2.5 0.562 1.798 1.081 2.919
2.8 0.674 1.533 1.053 2.135
3.0 0.788 1.327 1.038 1.383
3.1 0.890 1.184 1.031 0.767

3.144 1.028 1.028 1.028 0.000

_{ Parabolic taper, «=0.5

k=3. b=2.762
k=4: b=2.392
k=5:b=2.323
cir. . b=2.284

4 LJ: Buckling load parameter, b
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Fig. 6 Mode shapes:(a) by ¢ and (b) by p

ol e atg& AAF 4 glck vRIZHAR k ghol A&
5 b2 ol A0 kol ASFE AFEF diste] o

At

Fig. 6(a), (b)“ A4k =3) 29 759 AFYL
Hehdeh o] 2EEo Y B o, 8F p ol 27l
wrab ﬂtﬂ%l%ﬁl 7k 2ol A8 ¢ 4 ok A%

o Wsles po WHIRLE o9 W) ¢ Uz e
C.’?‘_’ 011;}.
54 8
of =& YA Jduny 7Fd T e B
& Aol 7S AFa dolrt dAsn @Rl
Avpztsloln], g do|rt X84 42 ¥glsle widHoe
2 AHEGic olget 7159 AGzE S Aulste olE

RAS $E59T)

1S
Runge-Kutta® & AME-3lo]
[e]

u] Bubgalo 4

Au2s
(1) o8+, 247, OlEH% 7F31ZE, 2005, “AH¢ =
Ag W Ax

L zh= g Beck 7159 GAHA” o
SEESS] =23, 2259, A6AZ, pp.1157~1162.

(2) Haftka, RT., Grudal, Z. and Kamat, M.P., 1990,
Element of Structural Optimization, Kluver Academic
Publisher.

(3) Lee, BK. and Oh, S.J., 2000, “Elasticas and
Buckling Loads of Simple Tapered Columns with
Constant Volume,” International Journal of Solids and
Structures, Vol. 37, pp. 2507~2518.

(4) Carnahan, B., Luther, HA. and Wilkes, 1O,
1969, Applied Numerical Method. John Wiley & Sons,
USA.



