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Dynamic Equivalent Continuum Modeling of a
Box-Beam Typed Wing
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Abstract

A simple and straightforward method is introduced for developing continuum beam-rod model
of a box-beam typed aircraft wing with composite layered skin based on “energy equivalence.”
The equivalent continuum structural properties are obtained from the direct comparison of the
reduced stiffness and mass matrices for box-beam typed wing with those for continuum beam-rod
model. The stiffness and mass matrices are all represented in terms of the continuum degrees-of-
freedom defined in this paper. The finite-element matrices for the box-beam type wing are
calculated by use of conventional finite-element method. The advantage of the present contin-
uum method is to give every continuum structural properties including all possible coupling terms
which represent the couplings between different deformations. To evaluate the continuum method
developed in this paper, free vibration analyses for both continuum beam-rod and box-beam are
conducted. Numerical tests show that the present continuum method gives very reliable struc-
tural and dynamic properties compared to the results by the conventional finite-element analysis
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Table 3 Structural properties of equivalent con-
tinuum beam-rod

Structural Fiber Angle 4(°)

Property 0 ] 30° 60° 90°
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lent continuum beam-rod(present) and box:
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Table 4 Natural frequencies w(rad/sec) of the
box-beam typed wing (0° fiber angle)

Natural Freq. | Reference® | Equivalent Continuum
(rad/sec) Beam-Rod
w 3.94 3.94
N 24.69 24.68
w3 69.06 69.02
N 84.10(T) 84.10(T)

ws 135.29 135.00
s 223.84 222.57
wr 252.29(T) 252.29(T)
ws 335.30 331.43
vy 420.50(T) 420.49(T)
o 470.12 461.18

(T) : Torsional modes

stef TR Ao} wimstgiet(Fig 3). 57t
24 Beam-Rodel] widt A Fzsj4AHs}
vl 2

FR84£9E AY g T3 Asts
QAGE T 4 9ok

7} d4 ) Beam Rod«ﬂ] HEAA T3
Fdeays g TR
st Table 49} Fig. 4o vebligic, 2
oA AAHZ 7 AAZRALE WEADGE
Hol7| s} ¥¥ AE Rt E Fig 5ol e}
Z a2 Ay B =1 AE sisl A=
7% HEAI D Qe & F Ao I 5

EAA7 FAAE ol AR AEHY
ol8l 57l9d4A Beam- Rodel AESA
& 4

AgAdse W v z§FAESFE

B T
olft

N"v—’

«"id—hri;_mryrm)n o oox ot
202 N oo 32 o Mo f oo du ok

wlo

4
[‘_?_‘i
)

s, ¥ ATl AT A& Ee
AN 244547} 7129 2 42 Fss

of 93 A} A AR BAFT 8L
9 4+ % Fig 304 2ol 944 Zedol o)
@ £A4E97 $ 928 A 5P A0
o Wls AL Fe RezH dEAm

s
o
Sk

o)

=3
s4ande dd] FRAoZ o4 FAFEE
4 3len, o] Az Fig 4oll4 nfzF4E dut

oS 2ol #E AT 2709
OJ Present
P 3rd mode Ret. 3
Q ~— ~—Ref. 4
(‘i’ .
> 4
st
% 40 Zero Sweep Angle
s
— 2nd mode
o
g
z 10 ‘\_
w 18t mode

" Y y — T T

10 20 2 4 s 6 70 80 80
Fiber Angle 8 (Degree)

Fig. 4 Natural frequencies of equivalent continuum
beam-rod (present) and box-beam (refs. 3~4)
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lent continuum beam-rod model
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