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Equivalent Beam Element for Vibration Analysis of Damped Composite Beam Structure

AL - HOYZrth 4 B

Sung Gyu Won, Weui Bong Jeong and Soo Ryong Bae

Key Words : damped composite beam(=

g7 21 8), complex Young’s modulus(%
IR )

4% ), forced vibration(Z} # 21 5), FEM(+-

ABSTRACT

In this paper, the forced vibration of damped composite beam with I-type section was analyzed. The damping
material was assumed to have complex Young’s modulus. Damped composite beam structure could be modeled
using equivalent beam elements with less D.O.F. rather than solid elements. Finite element method for 6 D.O.F.
equivalent beam element was formulated and programmed using complex values. The results of frequency
responses revealed good agreement with those of NASTRAN in both Euler beam model and Timoshenko beam

model.
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Fig. 1 Dampgd composite beam model 1

Table 1 Input data of a model in Fig. 1

Core / Face Damping
p, (kg/m®) 7850 1300
E, (N/m%) 2.1x10" 1.0x10°
v, 0.3 0.49
1 0.5

Table 2 Comparison of D.O.F.

Element Node
Number | Number DOF.
NASTRAN Solid 816 1365 4095
NASTRAN
4
Solid (Damped) 2256 3081 9243
Developed beam 12 13 78
Table 3 Comparison of D.O.F.
Element Node
Number Number DOF.
NASTRAN Solid 3056 4905 14715
NASTRAN
Solid (Damped) 7856 10584 | 31752
[ Developed Beam 40 4] 246
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Fig. 2 Comparison of FRF (undamped Euler)
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Fig. 3 Comparison of FRF (undamped Timoshenko)
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Fig. 4 Comparison of FRF (damped Timoshenko)
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Fig. 5 Geometry of a test model 2
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Fig. 6 Comparison of FRF (damped Euler)
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Fig. 7 Comparison of FRF (damped Timoshenko)

Fig. 5 & & & 53dd g4n 7288 4
Ehdit} @42 g e dolrt 45m Q) L A B
ojr] & FAdn Ase] EAANE HF =Y
7} Zth NASTRAN £zl a2 Zdols 243
A& A et e TRl AR B

24 wdo RFEE H] 31 8} ) o},

N
—

Table 3 off X
Fig. 6 & 72 Fig. 59 738 F2E A

NASTRAN %8l = Md T2
Euler 284> 249 9 Timoshenko 3. 24 5%
S SRR WEsls Yok
AN A% BT F A 240 24
ol

T

do] 2uto] 5 NASTRAN 4@t 94 99
o =
) =

[ UE‘E]_TL}

o

ux

g]
g]

o

TEHE AR FmEs e 4 F Ao
6. 2 E

aHAE Ldshs BYR TS 4T o
7t AHE 248 AMESt EEE 848 A}
¢ Y RAYI X ¥ak e 22 F3
T EHETE €2 %

AXNE e AMgstd frEed Y A &
HE 84 REFe) Hgtd 245 R AFES
gridow 24 5 A

2 ape a-:wﬂ AR 5
T A E(UVRC)Q] =

) DlTaramo R. A, 1965, “Theory of the Vibratory
Bending for Elastic and szcoelastlc Finite Length Beams”,
Trans. of the ASME, I. of Applied Mechanics, Vol. 32, pp.
881~886.

(2) Mead, D. J. and Markus, S., 1969, “The Forced
Vibration of a Three-Layer Damped Sandwich Beam with
Arbitrary Boundary Conditions”, J. of Sound and Vibration, Vol.
10(2), pp. 163~175.

(3) Yan, M. J. and Dowell, E. H., 1972, “Governing
Equations for Vibrating Constrained Layer Damping of
Sandwich Plates and Beams”, Trans. of the ASME, J. of
Applied Mechanics, Vol. 94, pp. 1041~1046.

(4) Rao, Y. V. K. and Nakra, B. C., 1974, “Vibrations of
Unsymmetrical Sandwich Beams and Plates with Viscoelastic
Cores”, J. of Sound and Vibration, Vol. 34(3), pp. 309~326.

(5) M9 &, 2005, “HILAYE o] 8T H=9X
B 2 R7xEY AFAY, EAGSERY =13,
5—}¥A‘°_2]E—T’~a§] pp. 978~981

6 WHT 5, 2005, “WEAAY t}E 4wl
AAE & A, FAGEERS =83, dFASA
%%U@ pp. 608~611

(1 Y45+ 5, 2006, “SFGH el 7

A
Ar, FATS TR =23, 5450539



