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Continuum Modeling and Dyna:mic Analysis of Platelike Truss Structures
Usik Lee and Jong-Yoon Kim

Key Words: Anisotropic Plate(o]®}4 #3), Continuum Modeling (341 w.+13]), Energy
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Truss Structure (E 8]~ F2%)

Abstract

A rational and straightforward method is introduced for developing continuum models of large
platelike periodic lattice structures based on energy equivalence. The procedure for developing
continuum plate models involves the use of existing well-defined finite element matrices for the
easy calculation of strain and kinetic energies of a repeating cell, from which the reduced stiffness
and mass matrices are obtained in terms of continuum degrees-of-freedom defined in this paper.
The equivalent continuum plate properties are obtained from the direct comparisdn of the
reduced matrices for continuum plate with those for lattice plate. The advantages of the present
continuum method are that it may be applied to arbitrary lattice configurations and may give
most diverse equivalent continuum plate properties including all kinds of coupling, while other
methods may give only limited structural properties. To evaluate the continuum method devel-
oped in this paper, free vibration analyses for both of continuum and lattice plates are conducted.
Numerical results show that the present continuum method gives very reliable structural and
dynamic properties compared to other well-recognized methods.
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Fig. 2 Typical repeating cells used in the present
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Table 2 Geometric and material properties of lattice elements

LATTICE
PLATES TYPE-A TYPE-B TYPE-C
o (kg/m® 2768 2768 2768
E(N/m?) 71.7X%10° 71.7%x10° 71.7%10°
a,b,h(m) 7.5, 7.5 7.5 7575 7.5 7.5, 7.5, 7.5
Ly, Ly(m) 75, 75(10 Bays) 60, 60(8 Bays) 60, 60(8 Bays)
40x107° 40X 1078 80x107°
N 5x107° 50x107° --
A - 25107 40X10-
...... - 10 X 10—6 -
- -- 80x107° --
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Table 3 Equivalent continuum plate rigidities (X 10%) and Inertias
EQUIVALENT RIGIDITIES TYPE-A TYPE-B TYPE-C
AND INERTIAS PRESENT | SUN[7] | PRESENT | NOOR[§] | PRESENT |FLOWER[S]

An= An[N/m] 17.02 16.95 17.16 16.82 16.34 —®

As  [N/m] 1.044 1.980 4.394 4.394 1.041 —

A [N/m] 1.044 1.044 4.394 4.394 1.041 —
A= Ax[N/m] 0.0 0.0 0.0 — 0.0 —
Bu= Bx[ N ] 0.0 0.0 14.56 14.56 0.0 —

Biz= Bg[ N ] 0.0 0.0 3.802 3.802 0.0 —
Bis= B[ N ] 0.0 0.0 0.0 — 0.0 —
Du= Dp[N-m] 224.6 224.6 236.5 236.6 215.1 215.1
Diy= Des[N-m] 9.506 9.500 61.79 61.79 0.0 —

Dis= Dy[N-m] 0.0 0.0 0.0 - 0.0 —

Su= Ss[N/m] 1.044 1.044 0.338 0.338 0.416 —

Sis  [N/m] 0.0 0.0 0.0 — 0.0 —
Fy*@[N/m] 0.0 0.0 0.0 — 0.0 —
H[ N ] 0.0 0.0 0.0 - 0.0 —

m [Kg/m?] 0.221 0.221 0.178 0.178 0.263 0.263

I [ke/m] 0.0 0.0 0.142 0.142 0.0 —

J [ Ng ] 3.447 2.242 2.656 2.368 2.477 —
Other Inertias 0.0 — 0.0 — 0.0 —

@i=1,2,6 ; j=4,5 ®(—)indicates the property can’t be given by the theory

AAA = 2E ALEACV) 4% AnA} vlm A74Y LagrangeS 45} AL Edon, Saese
st et T5 F7HIFIHA Holx 109 Y& 4TS

S7F AFAR AR ARAE AL el 9-BH s} 289 4UEE sgc. Tabledo] moAE

7
Ist MODE ( 0.918 Hz) 20d MODE ( £.134 Hz) 3rd WODE { 2.046 Hz)

4th NODE { 4.128 Hz) Sth MODE ( 4.350 Hz) 6th MODE { 5.257 Hz)

Fig. 6 Lowest six normal modes for the lattice
plate of TYPE-A mclamped along one
edge (The 3rd mode is the in-plane mode.)

13t MODE { 4.509 Hz) 2nd MODE { 7.692 Hz) 3rd MODE ( 9.910 Hz)

6th MODE ( 12814 Hz)

4th MODE ( 11.190 Hz)

Sth MODE ( 13.096 Hz)

Fig. 7 Lowest six normal modes for the simply

supported lattice plate of TYPE-B (The
5th mode is the in-plane mode.)
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Table 4 Natural frequencies (Hz) for the lattice plates
VIBRATION TYPE-A TYPE-B
MODE DIRECT SOL. CONTINUUM SOL. DIRECT SOL. CONTINUUM SOL.
[Ref.7] PRESENT SUN([7] [Ref.6] PRESENT NOOR(6]
1 0.905 0.918 0.920 4.505 4.509 4.481
2 1.090 1.134 1.142 7.731 7.692 7.669
3 2.007 2.0469 2.046' 10.082 9.910 9.891
4 4.001 4.128 4.157 11.220 11.190 11.161
5 4.234 4.350 4.339 12.840 13.096'@ 13.094'?
6 4.859 5.257 5.322 13.062 12.814 12.793
7 5.924 6.084'@ 6.081 14.655 14.791 14.726
8 6.477 6.892 6.999 15.580 15.160 15.146
9 8.579 7.952 9.014 16.178 16.049 16.001
10 8.726 8.937 9.163 17.815 17.961 18.319
(@Inplane modes
kil 271" o] r°ﬂ‘f‘l =A=
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] 3]
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