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Free vibration of primary-secondary structures
with multiple connections

oW 7 4°
Min, Kyung-Won

Abstract

The frequency window method has been extended to include strong coupling and
multiple connections between the primary structure and the secondary structures. The
rational polynomial expansion of the eigenvalue problem and the analytical methods for
its solution are novel and distinguish this work from other eigenvalue analysis methods.
The key results are: the identification of parameters which quantify the resonance and
coupling characteristics; the derivation of analytical closed-form expressions describing
the fundamental modal properties in the frequency windows; and the devélopment of an
iterative procedure which yields accurate convergent results for strongly-coupled primary-

secondary structures.
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Figure |1 Structural system with multiple connections



SUB-BEAM ONE . SUB-BEAM TWO

Figure 2 Multiply-connected beams
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Figure 3 Frequency ratio, @/, vs. rib mass density ratio, A,
for mode {kj} by both exact (M) and frequency

window (A) method.
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Figure 4 Support flexibility parameters, ¥;,vs. rib mass density
ratios, A, for mode {kj}.

Mode shape
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Figure

Beam length

5 Mode shape for 4 = 0.5 of mode (kj} by exact ()
and frequency window (---) method

Configuration {kj) i}
h 0.283 0.283
h 0.083 0.283
] 0.092 0.092
I 0.333 0.333
& 0.208 0.092

Table 1 Components of nondimensional length

of main beam

Exact

A=

0.05 A=015 A=05 A=15
Apprx. Exact  Apprx. Exact  Apprx. Exact  Apprx.

Freq.

ratio

Mode
x2
x4

X6

1.004

-0.06
-0.08
015
-0.12
-0.00
0.12

1.004 1.011 1.012 1028 1033 1.047 1069

-0.06 -0.10 -0.10 -0.10 -0.13 -0.01 -0.12
-0.08 -0.11 -0.11 -0.14 -0.15 -0.14 -0.15
0.15 0.23 0.24 032 036 031 0.43
-0.12 -0.21 -0.20 -0.36 -0.31 -0.55 -0.42
-0.00 -0.01 -0.00 -0.04 -0.01 -0.09 -0.03
012 0.19 0.20 030 0.29 043 0.37

Table 2 Exact and approximate frequency ratios and

mode shape components for mode {kj}




